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AUSTRALIAN MINERALS. 


The following have just been received from our Australian traveler as a result 
of several collecting trips: 

ZIRCON VAR. HYACINTH. In sharp crystals, possessing the true 
color of this beautiful gem, and a high natural polish. About 6 to 8 mm. diam. 

PHACOLITE. Unrivalled examples of the less complex habits of twinning 
assumed by this beautiful Zeolite. 

ARAGONITE AND FERROCALCITE. Showing tufted groups on 
dark basalt. 

STAR SAPPHIRE. Hexagonal water-worn crystals of deepest blue, some 
over 2. cm. diam. Polished cross sections show a.six-rayed star. 

STOLZITE. The rare lead tungstate. A small lot comprising some of the 
finest crystallizations ever seen. One especially gemmy example of the tabular 
habit. 

RASPITE. A single fine specimen accompanied the Stolzites. 


DYSCRASITE. Silver antimonide. Metallic masses. Rare. 
ARBORESCENT COPPER. In delicate “fronds” and branching crys- 


tallizations. 


TURQUOIS of good color, on a dark gray shale. 


64-PAGE “COLLECTION CATALOG”, 


Numerous full-page photo-engravings. 

Gives prices and descriptions of,— 
Minerals for study and reference arranged in systematic collections. 
Sets of ores for prospectors. 
Detached crystals for measurement. 
Series illustrating hardness, color and other physical characters. 
Laboratory minerals sold by weight. 
Sundry supplies. 


MAILED FREE TO ANY ADDRESS. 


The largest and most complete stock of Scientific and Educational 
Minerals in the world. Highest awards at Nine Expositions. 


FOOTE MINERAL CO. 


FORMERLY DR. A. E. FOOTE, 


PHILADELPHIA, PARIS, 
1317 Arch Street. 24 Rue du Champ de Mars. 
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JOSIAH WILLARD GIBBS. 


Jostan WILLARD Grsss was born in New Haven, Connecti- 
cut, February 11, 1839, and died in the same city, April 28, 
1903. He was descended from Robert Gibbs; the fourth son 
of Sir Henry Gibbs of Honington, Warwickshire, who came 
to Boston about 1658. One of Robert Gibbs’s grandsons, 
Henry Gibbs, in 1747 married Katherine, daughter of the Hon. 
Josiah Willard, Secretary of the Province of Massachusetts, 
and of the descendants of this couple, in various parts of the 
country, no fewer than six have borne the name Josiah Willard 
Gibbs. 

The subject of this memorial was the fourth child and only 
son of Josiah Willard Gibbs, Professor of Sacred Literature in 
the Yale Divinity School from 1824 to 1861, and of his wife, 
Mary Anna, daughter of Dr. Van Cleve of Princeton, N. J. 
The elder Professor Gibbs was remarkable among his contem- 
poraries for profound scholarship, for unusual modesty, and for 
the conscientious and painstaking accuracy which characterized 
all of his published work. The following brief extracts from 
a discourse commemorative of his life, by Professor George P. 
Fisher, can hardly fail to be of interest to those who are familiar 
with the work of his distinguished son: “ One who should look 
simply at the writings of Mr. Gibbs, where we meet only with 
naked, laboriously classified, skeleton-like statements of scien- 
tific truth, might judge him to be devoid of zeal even in his 
favorite pursuit. But there was a deep fountain of feeling 
that did not appear in these curiously elaborated essays... . . 
Of the science of comparative grammar, as I am informed by 
those most competent to judge, he is to be considered in rela- 
tion to the scholars of this country as the leader.” Again, in 
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speaking of his unfinished translation of Gesenius’s Hebrew 
Lexicon: “ But with his wonted thoroughness, he could not 
leave a word until he had made the article upon it perfect, 
sifting what the author had written by independent investiga- 
tions of his own.” 

His son entered Yale College in 1854 and was graduated in 
1858, receiving during his college course several prizes for 
excellence in Latin and Mathematics; during the next five 
years he continued his studies in New Haven, and in 1863 
received the degree of doctor of philosophy and was appointed 
a tutor in the college for a term of three years. During the 
first two years of his tutorship he taught Latin and in the third 
year Natural Philosophy, in both of which subjects he had 
gained marked distinction as an undergraduate. At the end 
of his term as tutor he went abroad with his sisters, spending 
the winter of 1866-67 in Paris and the following year in Ber- 
lin, where he heard the lectures of Magnus and other teachers 
of physics and of mathematics. In 1868 he went to Heidel- 
berg, where Kirchhoff and Helmholtz were then stationed, 
returning to New Haven in June, 1869. Two years later he 
was appointed Professor of Mathematical Physics in Yale Col- 
lege, a position which he held until the time of his death. 

It was not until 1873, when he was thirty-four years old, 
that he gave to the world, by publication, evidence of his 
extraordinary powers as an investigator in mathematical physics. 
In that year two papers appeared in the Transactions of the 
Connecticut Academy, the first being entitled ‘“ Graphical 
Methods in the Thermodynamics of Fluids,” and the second 
“ A Method of Geometrical Representation of the Thermody- 
namic Properties of Substances by Means of Surfaces.” These 
were followed in 1876 and 1878 by the two parts of the great 
paper “On the Equilibrium of Heterogeneous Substances,” 
which is generally, and probably rightly, considered his most 
important contribution to physical science, and which is unques- 
tionably among the greatest and most enduring monuments 
of the wonderful scientific activity of the nineteenth century. 
The first two papers of this series, although somewhat over- 
shadowed by the third, are themselves very remarkable and 
valuable contributions to the theory of thermodynamics ; they 
have proved useful and fertile in many direct ways and, in 
addition, it is difficult to see how, without them, the third could 
have been written. In logical development the three are very 
closely connected, and methods first brought forward in the 
earlier papers are used continually in the third. 

Professor Gibbs was much inclined to the use of geometri- 
cal illustrations, which he employed as symbols and aids to the 
imagination, rather than the mechanical models which have 
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served so many great investigators ; such models are seldom in 
complete correspondence with the phenomena they represent, 
and Professor Gibbs’s tendency toward rigorous logic was such 
that the discrepancies apparently destroyed for him the useful- 
ness of the model. Accordingly he usually had recourse to the 
“pape representation of his equations, and this method 
1e used with great ease and power. With this inclination, it 
is probable that he made much use, in his study of thermo- 
dynamics, of the volume-pressure diagram, the only one which, 
up to that time, had been used extensively. To those who are 
acquainted with the completeness of his investigation of any 
subject which interested him, it is not surprising “that his first 
published paper should have been a careful study of all the 
different diagrams which seemed to have any chance of being 
useful. Of the new diagrams which he first described in this 
paper, the simplest, in some respects, is that in which entropy and 
temperative are taken as codrdinates ; in this, as in the familiar 
volume-pressure diagram, the work or heat of any cycle is 
proportional to its area in any part of the plane; ‘for many 
purposes it is far more perspicuous than the older diagram, and 
it has found most important practical applications in ‘the study 
of the steam engine. The diagram, however, to which Pro- 
fessor Gibbs gave most attention was the volume-entropy dia- 
gram, which presents many advantages when the properties of 
bodies are to be studied, rather than the work they do or the 
heat they give out. The chief reason for this superiority is 
that volume and entropy are both proportional to the quantity 
of substance, while pressure and temperature are not ; the repre- 
sentation of coexistent states is thus especially clear, and for 
many purposes the gain in this direction more than counter- 
balances the loss due to the variability of the scale of work and 
heat. No diagram of constant scale can, for example, ade- 
quately represent the triple state where solid, liquid and vapor 
are all present; nor, without confusion, can it represent the 
states of a substance which, like water, has a maximum density ; 
in these and in many other cases the volume-entropy diagram 
is superior in distinctness and convenience. 

In the second paper the consideration of graphical methods 
in thermodynamics was extended to diagrams in three dimen- 
sions. Jamés Thomson had already made this extension to the 
volume-pressure diagram by erecting the temperature as the 
third coordinate, these three immediately cognizable quantities 
giving a surface whose interpretation is most simple from ele- 
mentary considerations, but which, for several reasons, is far 
less convenient and fertile of results than one in which the 
coérdinates are thermodynamic quantities less directly known. 
In fact, if the general relation between the volume, entropy 
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and energy of any body is known, the relation between the 
volume, pressure and temperature may be immediately deduced 
by differentiation ; but the converse is not true, and thus a 
knowledge of the former relation gives more complete infor- 
mation of the properties of a substance than a knowledge of 
the latter. Accordingly Gibbs chooses as the three coérdinates 
the volume, entropy and energy and, in a masterly manner, 
proceeds to develop the properties of the resulting surface, the 
geometrical conditions for equilibrium, the criteria for its sta- 
bility or instability, the conditions for coexistent states and for 
the critical state; and he points out, in several examples, the 
great power of this method for the solution of thermodynamic 
problems. The exceptional importance and beauty of this 
work by a hitherto unknown writer was immediately recognized 
by Maxwell, who, in the last years of his life, spent considerable 
time in carefully constructing, with his own hands, a model of 
this surface, a cast of which, very shortly before his death, he 
sent to Professor Gibbs. 

One property of this three dimensional diagram (analogous 
to that mentioned in the case of the plane volume-entropy 
diagram) proved to be of capital importance in the develop- 
ment of Gibbs’s future work in thermodynamics; the volume, 
entropy and energy of a mixture of portions of a substance 
in different states (whether in equilibrium or not), are the sums 
of the volumes, entropies and energies of the separate parts, 
and, in the diagram, the mixture is represented by a single 
point which may be found from the separate points, represent- 
ing the different portions, by a process like that of finding 
centers of gravity. In general this point is not in the surface 
representing the stable states of the substance, but within the 
solid bounded by this surface, and its distance from the surface, 
taken parallel to the axis of energy, represents the available 
energy of the mixture. This possibility of representing the 
properties of mixtures of different states of the same substance 
immediately suggested that mixtures of substances differing in 
chemical composition, as well as in physical state, might be 
treated in a similar manner; in a note at the end of the second 
paper the author clearly indicates the possibility of doing so, 
and there can be little doubt that this was the path by which 
he approached the task of investigating the conditions of* 
chemical equilibrium, a task which he was destined to achieve 
in such a magnificent manner and with such advantage to 
iy ar science. 

n the discussion of chemically homogeneous substances in 
the first two papers, frequent use had been made of the prin- 
ciple that such a substance will be in equilibrium if, when its 
energy is kept eonstant, its entropy cannot increase; at the 
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head of the third paper the author puts the famous statement 
of Clausius: “Die Energie der Welt ist constant. Die Entropie 
der Welt strebt einem Maximum zu.” He proceeds to show 
that the above condition for equilibrium, derived from the two 
laws of thermodynamics, is of universal application, carefully 
removing one restriction after another, the first to go being 
that the substance shall be chemically homogeneous. The 
important analytical step is taken of introducing, as variables 
in the fundamental differential equation, the masses of the 
constituents of the heterogeneous body ; the differential coef- 
ficients of the energy with respect to these masses are shown 
to enter the conditions of equilibrium in a manner entirely 
analogous to the “intensities,” pressure and temperature, and 
these coefficients are called potentials. Constant use is made 
of the analogies with the equations for homogeneous sub- 
stances, and the analytical processes are like those which a 
geometer would use in extending to »-dimensions the geome- 
try of three. 

It is quite out of the question to give, in brief compass, 
anything approaching an adequate outline of this remarkable 
work. It is universally recognized that its publication was an 
event of the first importance in the history of chemistry, that 
in fact it founded a new department of chemical science 
which, in the words of M. Le Chatelier, is becoming compar- 
able in importance with that created by Lavoisier. Neverthe- 
less it was a number of years before its value was generally 
known; this delay was due largely to the fact that its 
mathematical form and rigorous deductive processes make it 
difficult reading for any one, and especially so for students of 
experimental Heer Tve. whom it most concerns; twenty-five 
years ago there was relatively only a small number of chemists 
who possessed sufticient mathematical knowledge to read easily 
even the simpler portions of the paper. Thus it came about 
that a number of natural laws of great importance which were, 
for the first time, clearly stated in this paper were subse- 
quently, during its period of neglect, discovered by others, 
sometimes from theoretical considerations, but more often by 
experiment. At the present time, however, the great value 
of its methods and results are fully recognized by all students 
of physical chemistry. It was translated into German in 1891 
by Professor Ostwald and into French in 1899 by Professor 
Le Chatelier; and, although so many years had passed since 
its original publication, in both cases the distinguished trans- 
lators give, as their principal reason for undertaking the task, 
not the historical interest of the memoir, but the many 
important questions which it discusses and which have not 
even yet been worked out experimentally. Many of its 
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theorems have already served as starting points or guides for 
experimental researches of fundamental consequence ; others, 
such as that which goes under the name of the “ Phase Rule,” 
have served to classify and explain, in a simple and logical 
manner, experimental facts of much apparent complexity ; 
while still others, such as the theories of catalysis, of solid 
solutions, and of the action of semi-permeable diaphragms 
and osmotic pressure, showed that many facts, which had 
previously seemed mysterious and scarcely capable of explana- 
tion, are in fact simple, direct and necessary consequences of 
the fundamental laws of thermodynamics. In the discussion 
of mixtures in which some of the components are present only 
in very small quantity (of which the most interesting cases at 
present are dilute solutions) the theory is carried as far as is 
possible from @ prior considerations; at the time the paper 
was written the lack of experimental facts did not permit the 
statement, in all its generality, of the celebrated law which 
was afterward discovered by van’t Hoff; but the law is dis- 
tinctly stated for solutions of gases as a direct consequence of 
Henry’s law and, while the facts at the author’s disposal did 
not permit a further extension, he remarks that there are 
many indications “that the law expressed by these equations 
has a very general application.” 

It is not surprising that a work containing results of such 
consequence should have excited the profoundest admiration 
among students of the physical sciences; but even more 
remarkable than the results, and perhaps of even greater 
service to science, are the methods by which they were 
attained ; these do not depend upon special hypotheses as to 
the constitution of matter or any similar assumption, but the 
whole system rests directly upon the truth of certain experi- 
ential laws which ae a very high degree of probability. 
To have obtained the results embodied in these papers in any 
manner would have been a great achievement; that they were 
reached by a method of such logical austerity is a still greater 
cause for wonder and admiration. And it gives to the work 
a degree of certainty and an assurance of permanence, in form 
and matter, which is not often found in investigations so orig- 
inal in character. 


In lecturing to students upon mathematical physics, especi- 
ally in the theory of electricity and magnetism, Professor 
Gibbs felt, as so many other: physicists in recent years have 
done, the desirability of a vector algebra by which the more or 
less complicated space relations, dealt with in many depart- 
ments of physics, could be conveniently and perspicuously 
expressed; and this desire was sasetidlly 


active in him on 
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account of his natural tendency toward elegance and concise- 
ness of mathematical method. He did not, however, find in 
Hamilton’s system of quaternions an instrument altogether 
suited to his needs, in this respect sharing the experience of 
other investigators who have, of late years, seemed more and 
more inclined, for practical purposes, to ‘reject the quater- 
nionic analysis, notwithstanding its beauty and logical com- 
pleteness, in favor of a simpler and more direct treatment of 
the subject. For the use of his students, Professor Gibbs 
privately printed in 1881 and 1884 a very concise account of 
the vector analysis which he had developed, and this pamphlet 
was to some extent circulated among those especially inter- 
ested in the subject. In the development of this system the 
author had been led to study deeply the Ausdehnungslehre of 
Grassmann, and the subject of multiple algebra in general; 
these investigations interested him greatly up to the time of 
his death, and he has often remarked that he had more plea- 
sure in the study of multiple algebra than in any other of his 
intellectual activities. His rejection of quaternions, and his 
championship of Grassmann’s claim to be considered the 
founder of modern algebra, led to some papers of a somewhat 
controversial character, most of which appeared in the columns 
of “ Nature.’ When the utility of his system as an instru- 
ment for physical research had been proved by twenty years 
experience of himself and of his pupils, Professor Gibbs con- 
sented, though somewhat reluctantly, to its formal publication in 
much more extended form than in the original pamphlet. As 
he was at that time wholly occupied with another work, the 
task of preparing this treatise for publication was entrusted to 
one of his students, Dr. E. B. Wilson, whose very successful 
accomplishment of the work entitles him to the gratitude of 
all who are interested in the subject. 

The reluctance of Professor Gibbs to publish his system of 
vector analysis certainly did not arise from any doubt in his 
own mind as to its utility, or the desirability of its being more 
widely employed ; it seemed rather to be due to the feeling 
that it was not an original contribution to mathematics, but 
was rather an adaptation for special purposes of the work of 
others. Of many portions of the work this is of course 
necessarily true, and it is rather by the selection of methods 
and by systematization of the presentation that the author has 
served the cause of vector analysis. But in the treatment of 
the linear vector function and the theory of dyadies to which 
this leads, a distinct advance was made which was of conse- 
quence not only in the more restricted field of vector analysis, 
but also in the broader theory of multiple algebra in general. 
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The theory of dyadics* as developed in the vector analysis 
of 1884 must be regarded as the most important published 
contribution of Professor Gibbs to pure mathematics. For 
the vector analysis as an algebra does not fulfill the definition 
of the linear associative algebras of Benjamin Peirce, since 
the scalar product of vectors lies outside the vector domain ; 
nor is it a geometrical analysis in the sense of Grassmann, the 
vector product satisfying the combinatorial law, but yielding 
a vector instead of a magnitude of the second order. While 
these departures from the systems mentioned testify to the 
great ingenuity and originality of the author, and do not 
impair the utility of the system as a tool for the use of 
students of physics, they nevertheless expose the discipline to 
the criticism of the pure algebraist. Such objection falls to 
the ground, however, in the case of the theory mentioned, for 
dyadies yield, for m= 3, a linear associative algebra of nine 
units, namely nonions, the general nonion satisfying an identi- 
cal equation of the third degree, the Hamilton-Cayley equation. 

It is easy to make clear the precise point of view adopted 
by Professor Gibbs in this matter. This is well expounded 
in his vice-presidential address on multiple algebra, before the 
American Association for the Advancement of Science, in 
1886, and also in his warm defense of Grassmann’s priority 
rights, as against Hamilton’s, in his article in Nature, 
“ Quarternions and the Ausdehnungslehre.” He points out 
that the key to matricular algebras is to be found in the open 
(or indeterminate) product (i. €. a product in which no equa- 
tions subsist between the factors) and, after calling attention 
to the brief development of this product in Grassmann’s work 
of 1844, atiirms that Sylvester’s assignment of the date 1858 
to the “second birth of Algebra” (this being the year of Cay- 
ley’s Memoir on Matrices) must be changed to 1844. Grass- 
mann, however, ascribes very little importance to the open 
product, regarding it as offering no useful applications. On 
the contrary, Professor Gibbs assigns to it the first place in the 
three kinds of multiplication considered in the Ausdehnungs- 
lehre, since from it may be derived the algebraic and the 
combinatorial products, and shows in fact that both of them 
may be expressed in terms of indeterminate products. Thus 
the multiplication rejected by Grassmann becomes, from the 
standpoint of Professor Gibbs, the key to all others. The 
originality of the latter’s treatment of the algebra of dyadics, 
as contrasted with the methods of other authors in the allied 
theory of matrices, consists exactly in this, that Professor 
Gibbs regards a matrix of order as a multiple quantity in n’ 


* For the following account of the mathematical relations of this theory the 
writer is indebted to Professor Percey F. Smith. 
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units, each of which is an indeterminate product of two 
factors. On the other hand, C. 8. Peirce, who was the first to 
recognize (1870) the quadrate linear associative algebras identi- 
cal with matrices, uses for the units a letter pair, but does not 
regard this combination as a product. In addition, Professor 
Gibbs, following the spirit of Grassmann’s system, does not 
confine himself to one kind of multiplication of dyadies, as do 
Hamilton and Peirce, but considers two sorts, both originating 
with Grassmann. Thus it may be said that quadrate, or 
matricular algebras, are brought entirely within the wonderful 
system expounded by Grassmann in 1844. 

As already remarked, the exposition of the theory of 
dyadics given in the vector analysis is not in accord with 
Grassmann’s system. In a footnote to the address referred 
to above, Professor Gibbs shows the slight modification neces- 
sary for this purpose, while the subject has been treated in detail 
and in all generality in his lectures on multiple algebra deliv- 
ered for some years past at Yale University. 

Professor Gibbs was much interested in the applications of 
vector analysis to some of the problems of astronomy, and 
more than once he called attention to the great saving of labor 
which the use of this method would cause in such subjects as 
the determination of an orbit from three observations, the 
differential equations which are used in determining the best 
orbit from an indefinite number of observations by the method 
of least squares, or those which give the perturbations when 
the elements are treated as variable. 


Between the years 1882 and 1889, five papers appeared in 
this Journal upon certain points in the electromagnetic theory 
of light and its relations to the various elastic theories. These 
are remarkable for the entire absence of special hypotheses as 
to the connection between ether and matter, the only supposi- 
tion made as to the constitution of matter being that it is fine- 
grained with reference to the wave-length of light, but not infin- 
itely tine-grained, and that it does disturb in some manner the 
electrical fluxes in the ether. By methods whose simplicity and 
directness recall his thermodynamic investigations, the author 
shows in the first of these articles that, in the case of perfectly 
transparent media, the theory not only accounts for the disper- 
sion of colors (including the “dispersion of the optic axes” in 
doubly refracting media), but also leads to Fresnel’s laws of 
double refraction for any particular wave-length without 
neglect of the small quantities which determine the dispersion 
of colors. He proceeds in the second paper to show that cireu- 
lar and elliptical polarization are explained by taking into 
account quantities of a still higher order, and that these in turn 
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do not disturb the explanation of any of the other known 
phenomena; and in the third paper he deduces, in a very rigor- 
ous manner, the general equations of monochromatic light in 
media of every degree of transparency, arriving at equations 
somewhat different from those of Maxwell in that they do not 
contain explicitly the dielectric constant and conductivity as 
measured electrically, thus avoiding certain difficulties (espe- 
cially in regard to metallic reflection) which the theory as 
originally stated had encountered ; and it is made clear that “a 

point of view more in accordance ‘with what we know of the 
molecular constitution of bodies will give that part of the ordi- 
nary theory which is verified by experiment, without including 
that part which is in opposition to observed facts.” Some 
experiments of Professor C. 8. Hastings in 1888 (which showed 
that the double refraction in Iceland spar conformed to Huy- 
ghens’s law to a degree of precision far exceeding that of any 
previous verification) again led Professor Gibbs to take up the 
subject of optical theories in a paper which shows, in a remark- 
ably simple manner, from elementary considerations, that this 
result and also the general character of the facts of dispersion 
are in strict accord with the electrical theory, while no one of 
the elastic theories which had, at that time, been proposed 
could be reconciled with these experimental results. A few 
months later upon the publication of Sir William Thomson’s 
theory of an infinitely compressible ether, it became necessary 
to supplement the comparison by taking account of this theory 
also. It is not subject to the insuperable difficulties which 
beset the other elastic theories, since its equations and surface 
conditions for perfectly homogeneous and transparent media 
are identical in form with those of the electrical theory, and 
lead in an equally direct manner to Fresnel’s construction for 
doubly-refracting media, and to the proper values for the 
intensities of the reflected and refracted light. But Gibbs 
shows that, in the case of a fine-grained medium, Thomson’s 
theory does not lead to the known facts of dispersion without 
unnatural and forced hypotheses, and that in the case of 
metallic reflection it is subject to similar difficulties ; while, on 
the other hand, “it may be said for the electrical theory that 
it is not obliged to invent hypotheses, but only to apply the 
laws furnished by the science of electricity, and that it is diffi- 
cult to account for the coincidences between the electrical and 
optical properties of media unless we regard the motions of 
light as electrical.” Of all the arguments (from theoretical 
grounds alone) for excluding all other theories of light except 
the electrical, these papers furnish the simplest, most philo- 
sophical, and most conclusive with which the present writer is 
acquainted ; and it seems likely that the considerations advanced 
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in them would have sufficed to firmly establish this theory even 
if the experimental discoveries of Hertz had not rendered such 
discussions forever unnecessary. 


In his last work, “Elementary Principles in Statistical 
Mechanics,” Professor Gibbs returned to a theme closely con- 
nected with the subjects of his earliest publications. In these 
he had been concerned with the development of the conse- 
quences of the laws of thermodynamics which are accepted as 
given by experience; in this empiricai form of the science, 
heat and mechanical energy are regarded as two distinct entities, 
mutually convertible of course with certain limitations, but 
essentially different in many important ways. In accordance 
with the strong tendency toward unification of causes, there 
have been many attempts to bring these two things under 
the same category; to show, in fact, that heat is nothing 
more than the purely mechanical energy of the minute parti- 
cles of which all sensible matter is supposed to be made up, 
and that the extra-dynamical laws of heat are consequences of 
the immense number of independent mechanical systems in any 
body,—a number so great that, to human observation, only 
certain averages and most probable effects are perceptible. 
Yet in spite of dogmatic assertions, in many elementary books 
and popular expositions, that “heat is a mode of molecular 
motion,” these attempts have not been entirely successful, and 
the failure has been signalized by Lord Kelvin as one of the 
clouds upon the history of science in the nineteenth century. 
Such investigations must deal with the mechanics of systems 
of an immense number of degrees of freedom and (since we 
are quite unable in our experiments to identify or follow indi- 
vidual particles), in order to compare the results of the dynami- 
cal reasoning with observation, the processes must be statistical 
in character. The difficulties of such processes have been 
pointed out more than once by Maxwell, who, in a passage 
which Professor Gibbs often quoted, says that serious errors 
have been made in such inquiries by men whose competency 
in other branches of mathematics was unquestioned. 

On account, then, of the difficulties of the subject and of the 
profound importance of results which can be reached by no 
other known method, it is of the utmost consequence that the 
principles and processes of statistical mechanics should be put 
upon a firm and certain foundation. That this has now been 
accomplished there can be no doubt, and there will be little 
excuse in the future for a repetition of the errors of which 
Maxwell speaks; moreover, theorems have been discovered 
and processes devised which will render easier the task of every 
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future student of this subject, as the work of Lagrange did in 
the case of ordinary mechanics. 

The greater part of the book is taken up with this general 
development of the subject without special reference to the 
problems of rational thermodynamics. At the end of the twelfth 
chapter the author has in his hands a far more perfect weapon 
for attacking such problems than any previous investigator 
has possessed, and its triumphant use in the last three chapters 
shows that such purely mechanical systems as he has been con- 
sidering will exhibit, to human perception, properties in all 
respects analogous to those which we actually meet with in 
thermodynamics. No one can understandingly read the thir- 
teenth chapter without the keenest delight, as one after 
another of the familiar formule of thermodynamics appear 
almost spontaneously, as it seems, from the consideration of 
purely mechanical systems. But it is characteristic of the 
author that he should be more impressed with the limitations 
and imperfections of his work than with its successes; and he 
is careful to say (p. 166): “ But it should be distinctly stated 
that, if the results obtained when the numbers of degrees of 

freedom are enormous coincide sensibly with the general laws of 
thermodynamics, however interesting and significant this coin- 
cidence may be, we are still far from having explained the phe- 
nomena of nature with respect to these laws. For, as compared 
with the case of nature, the systems which we have considered 
are of an ideal simplicity. Although our only assumption is 
that we are considering conservative systems of a finite num- 
ber of degrees of freedom, it would seem that this is assuming 
far too much, so far as the bodies of nature are concerned. 
The phenomena of radiant heat, which certainly should not be 
neglected in any complete system of thermodynamics, and the 
electrical phenomena associated with the combination of atoms, 
seem to show that the hypothesis of a finite number of degrees 
of freedom is inadequate for the explanation of the properties 
of bodies.” While this is undoubtedly true, it should also 
be remembered that, in no department of physics, have the 
phenomena of nature been explained with the completeness 
that is here indicated as desirable. In the theories of electric- 
ity, of light, even in mechanics itself, only certain phenomena 
are considered which really never occur alone. In the present 
state of knowledge, such partial explanations are the best that 
can be got, and, in addition, the problem of rational thermody- 
namics ‘has, historically, always been regarded in this way. In 
a matter of such difficulty no positive statement should be made, 
but it is the firm belief of the present writer that the prob- 
lem, as it has always been understood, has been successfully 
solved in this weak’ and if this belief is correct, one of the 
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great deficiencies in the scientific record of the nineteenth 
century has been supplied in the first year of the twentieth. 

In method and results, this part of the work is more general 
than any preceding treatment of the subject ; it is in no sense 
a treatise on the kinetic theory of gases, and the results 
obtained are not the properties of any one form of matter, 
but the general equations of thermodynamics which belong to 
all forms alike. This corresponds to the generality of the 
hypotheses in which nothing is assumed as to the mechanical 
nature of the systems considered, except that they are mechani- 
cal and obey Lagrange’s or Hamilton’s equations. In this 
respect it may be considered to have done for thermodynamics 
what Maxwell’s treatise did for electromagnetism, and we may 
say (as Poincaré has said of Maxwell) “that Gibbs has not 
sought to give a mechanical explanation of heat, but has 
limited his task to demonstrating that such an explanation is 
possible. And this achievement forms a fitting culmination of 
his life’s work. 


The value to science of Professor Gibbs’s work has -been 
formally recognized by many learned societies and universities 
both in this country and abroad. The list of societies and 
academies of which he was a member or correspondent 
includes the Connecticut Academy of Arts and Sciences, the 
National Academy of Sciences, the American Academy of 
Arts and Sciences, the Dutch Society of Sciences, Haarlem, 
the Royal Society of Sciences, Géttingen, the Royal Institution 
of Great Britain, the Cambridge Philosophical Society, the Lon- 
don Mathematical Society, the Manchester Literary and Philo- 
sophical Society, the Royal Academy of Amsterdam, the Royal 
Society of London, the Royal Prussian Academy of Berlin, the 
French Institute, the Physical Society of London, the Bavarian 
Academy of Sciences and the American Mathematical Society. 
He was the recipient of honorary degrees from Williams Col- 
lege, and from the universities of Erlangen, Princeton, and 
Christiania. In 1881 he received the Rumford Medal from 
the American Academy of Boston, and in 1901 the Copley 
Medal from the Royal Society of London. 

Outside of his scientific activities, Professor Gibbs’s life was 
uneventful; he made but one visit to Europe and with the 
exception of those three years, and of summer vacations in the 
mountains, his whole life was spent in New Haven, and all 
but his earlier years in the same house, which his father had 
built only a few rods from the school where he prepared for 
college and from the university in the service of which his 
life was spent. He never married, but made his home with 
his sister and her family. Of a retiring disposition, he went 
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little into general society and was known to few outside the 
university ; but by those who were honored by his friendship, 
and by his students, he was greatly beloved. His modesty 
with regard to his ‘work was proverbial among all who knew 
him, and it was entirely real and unaffected. There was never 
any "doubt in his mind, however, as to the accuracy of anything 
which he published, nor indeed did he underestimate its 
importance; but he seemed to regard it in an entirely imper- 
sonal way and never doubted, apparently, that what he had 
accomplished could have been done equally well by almost any 
one who might have happened to give his attention to the 
same problems. Those nearest him for many years are con- 
strained to believe that he never realized that he was endowed 
with most unusual powers of mind; there was never any 
tendency to make the importance of his work an excuse for 
neglecting even the most trivial of his duties as an officer of 
the college, and he was never too busy to devote, at once, as 
much time and energy as might be necessary to any of his 
students who privately sought his assistance. 

Although long intervals sometimes elapsed between his 
publications, his habits of work were steady and systematic ; 
but he worked alone and, apparently, without need of the 
stimulus of personal conversation upon the subject, or of criti- 
cism from others, which is often helpful even when the critic 
is intellectually an inferior. So far from publishing partial 
results, he seldom, if ever, spoke of what he was doing until it 
was practically in its final and complete form. This was his 
chief limitation as a teacher of advanced students ; he did not 
take them into his confidence with regard to his current work, 
and even when he lectured upon a subject in advance of its 
publication (as was the case for a number of years before: the 
appearance of the Statistical Mechanics) the work was really 
complete except for a few finishing touches. Thus his students 
were deprived of the advantage of seeing his great structures 
in process of building, of helping him in the details, and of 
being in such ways encouraged to make for themselves attempts 
similar in character, however small their scale. But on the 
other hand, they owe to him a debt of gratitude for an intro- 
duction into the profounder regions of natural philosophy such 
as they could have obtained from few other living teachers. 
Always carefully prepared, his lectures were marked by the 
same great qualities as his published papers and were, in ‘addi- 
tion, enriched by many apt and simple illustrations which can 
never be forgotten by those who heard them. No necessary 
qualification to a statement was ever omitted and, on the other 
hand, it seldom failed to receive the most general application 
of which it was capable; his students had ample opportunity 
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to learn what may be regarded as known, what is guessed at, 
what a proof is, and how far it goes. Although he disregarded 
many of the shibboleths of the mathematical rigorists, his logi- 
cal processes were really of the most severe type; in power of 
deduction, of generalization, in insight into hidden relations, 
in critical acumen, utter lack of prejudice, and in the philo- 
sophical breadth of his view of the object and aim of physics, 
he has probably had no superiors in the history of the science ; 
and no student could come in contact with this serene and 
impartial mind without feeling profoundly its influence in all 
his future studies of nature. 

In his personal character the same great qualities were appar- 
ent. Unassuming in manner, genial and kindly in his inter- 
course with his fellow-men, never showing impatience or 
irritation, devoid of personal ambition of the baser sort or of 
the slightest desire to exalt himself, he went far toward realiz- 
ing the ideal of the unselfish, Christian gentleman. In the 
minds of those who knew. him, the greatness of his intellectual 
achievements will never overshadow the beauty and dignity of 


his life. 
Henry A. BuMSTEAD. 
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Art. XIX.— The Origin of Coral Reefs as shown by the 


Maldives ;* by J. Srantey Garpryer, M.A. 


Ir was with very mixed feelings that I received some months 
ago a request from the editor of this Journal, for some account 
os work on the formation of Coral Reefs, more particularly 
as exemplified by the Maldive Group of islands. The ques- 
tion involved is an extremely complicated one, especially since 
the conditions in the various parts of the world where coral 
reefs are found appear, superficially at least, to be widely differ- 
ent. We have evidence in the fact of reefs, built by the same 
lime-secreting organisms, actually occurring over broad areas 
of the oceans, that the same animals me plants can adapt 
themselves to the different conditions such as they are, At 
the same time the reefs in widely separated areas of the 
Pacitic and Indian oceans, at any rate bear to one another a 
remarkable family, even generic likeness, so that there would 
seem to be certain factors of general occurrence. Indeed, it 
would appear that we should look to such conditions as are 
constant for an adequate explanation of the main features of 
the topography of the existing reefs as well as for an account 
of their original formation. Premising the fact that it is 
only profound knowledge and vast experience that can tell 
how much of the present appearance of any set of reefs is 
due to factors of universal distribution and how much is due 
to purely local conditions, I pass to my more immediate sub- 
ject, the origin of coral reefs. 

The question under consideration divides itself into two 
.chief heads, (1) the nature of the foundations on which the 
lime-secreting organisms have built up their superstructure, 
and (2) the mode of building and later history of their eree- 
tions. My work of the past ‘eight : years in the Pacific Ocean 
(Funafuti, Rotuma and the Fiji Islands) and in the Maldive 
‘and Laccadive Groups, has dealt principally with the second of 
these two heads, and in the latter islands can do no more than 
throw an indirect light on the first question. Yet, a knowl- 
edge of the physical conditions of the sea, and of their effects, 
is not without importance in indicating the possible and even 
probable methods of formation of these foundations. 

* For a full account of the Maldives see ‘‘The Maldive and Laccadive 
Groups with Notes on other Coral Formations in the Indian Ocean,” Fauna 
and Geography of the Maldive and Laccadive Archipelagoes, vol. i, pp. 12-50, 
146-183, 313-346, 376-423 (1901-3). 

The Maldive and Laccadive Groups lie to the southwest of India, extend- 
ing in a broad belt almost from Bombay to lat. 1°S. Sufficiently good 


charts for the purposes of this article will be found in Dana and Darwin’s 
well-known works on coral islands. 
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It is not my intention to discuss the formation of coral reefs 
at any length, or to give precise references to the great pioneer 
work of Charles Darwin and James D. Dana, so greatly in 
advance of its time, to the fresh considerations and opinions 
ably put forward by Murray, to the views of Semper, Louis 
Agassiz and Wharton, and finally to the determined work of 
Alexander Agassiz during the last twenty years. Such refer- 
ences will be found in that beautiful series of publications, 
which the latter authority has given to the world, from the 
Museum of Comparative Zoology of Harvard College. It 
suffices to remark that, while it may be that some reefs really 
owe their existence to the subsidence of the land round which 
they originally formed only a fringe, the great mass of facts, 
that has been collected in the last twenty years, points out 
clearly and decidedly that such a method of formation can 
never have been anything else but rare and altogether excep- 
tional. Elevated reefs, which have proved to be extremely 
numerous in coral reef regions, give no evidence of the very 
considerable thickness which mA. 4 a view postulates, and the 
examination of the existing atolls and reefs has shown that 
such a conception is unnecessary to explain any of their condi- 
tions and is absolutely opposed to many. In some places, 
notably some reefs of Fiji, the formations in progress. are as 
yet mere skins on the surfaces of older elevated limestone and 
voleanic rocks, which have been cut down by denudation and 
erosion to the level of the sea. Elsewhere, no doubt, and this 
more particularly in the less open seas, reef foundations have 
been built up to the requisite depths by the accretion of the 
remains of organisms, both pelagic and other, on submarine 
mountains and elevations, or where the currents are such as to 
especially bring about a deposition of material. Again, sub- 
marine eruptions have thrown up mounds on the ocean floor, 
perhaps to be built up further by organisms, perhaps of the 
requisite depth, or perhaps to form islands, the latter of loose 
cinders and ash, themselves to be cut down and form wide 
plateaus on which reefs have subsequently arisen. A prima 
Jacie example of this method is seen in that line of coral atolls, 
the Gilbert and Ellice Groups, which seems to indicate a line 
of weakness of the earth’s crust. 

It is improbable, considering the diversified conditions of 
the earth along the coral reef belt, that any one explanation 
will be found to be of general applicability. Certainly no one, 
nor indeed all of the above views, taken together, can serve to 
explain the method by which the foundations of the Maldive 
reefs were formed. The greater part of the Maldive Group 
arises on an immense plateau lying at a depth of about 200 
fathoms in a sea of over 2000 fathoms. At the same time this 
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plateau itself, together with the atolls and reefs of the Lacca- 
dive Group, all spring from a second wider table at a depth of 
about 1100 fathoms, which connects with that on which the 
continent of India arises, and which may further extend down 
to and include the Chagos Archipelago to the south. Of what 
material and by what means these plateaus were formed is a 
question to which we can as yet give no adequate answer. As 
evidence has accumulated, it has become more and more cer- 
tain that India was formerly connected with Madagascar. This 
connection continued up to the commencement, at least, of the 
Tertiary period, when a great depression must have extended 
over the whole of the belt. Probably the contour of the 
deeper plateau, which should be much larger than the charts 
indicate, represents nearly the outline of the original land 
before this subsidence occurred. If this be so, the deepest 
foundations not only of the Maldives and Laccadives but also 
of the Chagos and many reef areas near the Seychelles, owe 
their origin to this source. This depression is not the same 
as the slow and long continued subsidence, postulated by 
’ the upholders of the Darwinian theory, for it is quite obvious 

that the reefs of the present day are so placed that they can 
have little or no close relation to such a depression. 

The problem now passes to the question of the formation of 
the shallower plateau, which in the Maldives is roughly 300 
miles in length by 65 miles in breadth. This plateau is peculiar 
in that its area is remarkably sharply defined, sloping off evenly 
in two to four miles outside the lines of reefs to over a thousand 
fathoms. It is scarcely possible considering its position, swept 
by the monsoon currents, that it owes its origin to an upgrowth 
of organisms and deposition of sediment on the original line of 
sinking. Consequently one is driven to the conclusion that it 
represents an island or line of peaks left after the great depres- 
sion took place. Again its topography equally precludes the 
idea of a slowly progressing, long continued subsidence to form 
the existing reefs. How and by what means could this plateau 
be formed from the isolated series of mounds or mountains 
that were left after the great depression took place? The 
answer is supplied by the Fiji Group in which the erosive and 
denuding action is well seen on hard voleanic as well as on 
raised limestone rocks. Additional evidence is afforded by the 
East Indies in which Professor Max Weber has constant occa- 
sion to refer to former land connections and the very remarkable 
effects of tides and currents down to several hundreds of fathoms 
in depth. Indeed, it is not too much to say that Professor 
Max Weber's Introduction to the Siboga Expedition Results, 
taken altogether and in its entirety, points to a levellin of 
the East nie area down to a depth of over two rane, the 








206 J. S. Gardiner—Origin of Coral Reefs. 


fathoms. The study of the charts and of the survey work of 
the last thirty years gives much additional evidence, and the 
Maldives themselves give clear indications. Lastly, a "depth of 
about 150 fathoms is that at which the steep slope of most coral 
reefs,passes into a more gradual slope, and would seem to be 
the critical depth to which the main oceanic and tidal currents 
act, this depth decreasing off the smaller reefs and increasing 
off the larger. At the same time it is scarcely necessary to 
suppose ‘that the whole area was cut down to 200 fathoms 
before reefs commenced to build up, though such a dépth would 
seem to be critical for a bank of about this size, so situated in 
a fully exposed area. Seeing the absolute impossibility of sub- 
sidence affording any explanation, examining all considerations 
and taking the indications that the area itself gives, I conclude 
that an almost flat plateau at a depth of 140 to 170 fathoms 
was at one time formed by the erosion and denudation of an 
original land mass or more probably series of masses. 

We have now to examine the means by which the existing 
reefs have been built up on this plateau to the surface. Here 
I am on firmer ground. Of course, as already mentioned, cer- 
tain parts may from the first have been higher and have served 
as foundations for lime-secreting organisms, but such elevations 
are not necessary for the foundations of our reefs. In the first 
place the observations of my expedition from upwards of 300 
dredgings, largely made to settle this point, prove that the regu- 
lar reef- building corals do not live below 30 fathoms in any 
such luxuriance as would be requisite if a reef were to be built 
up. Reef corals feed mainly or almost entirely by their com- 
mensal algae. Hence their limit in depth depends on the 
penetrability of.sunlight through sea water, and this, judging 
from marine algae, must be about 150 fathoms in the tropics. 
In all probability, however, the light is not of sufficient intensity 
for any of these organisms to actually live below 75 fathoms, 
to upwards of which depth flourishing banks of Lithothamnion 
have been found in the East Indies. 

The question in reality is not one presenting any real diffi- 
culty. Given an upstanding bank, on which the movement of 
mud and sand be not too great to choke the animal larvee, we 
know from the examination of many such that it would soon 
be covered by animal life. Every part even of our immense 
bank at 150 fathoms would be thus overgrown, since a rela- 
tively strong current would be passing over it and thoroughly 
churning up and mixing the pelagic life on which the sedentary 
organisms so largely feed. This state could not, however, con- 
tinue as the bank grew up towards the surface. The current 
over it would increase in proportion to its upward growth. 
Less and less food would tend to reach the organisms on its 
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center, and channels due in the first place to lesser growth 
would tend to be formed, along which the currents would more 
particularly rush off, doubtless carrying with them a certain 
amount of material in suspension. The result at about 75 
fathoms would be that we would have a great broad. rim cut 
by channels of 100 or 120 fathoms, in other words a series of 
banks all round a plateau, reaching a depth of 75 fathoms from 
the surface of the ocean. 

Up to 75 fathoms the chief organisms that formed our bank 
were those which approximate to the deep sea type in being 
essentially holozoic forms. Now, however, we are approach- 
ing the minimum depth to which experience shows us that these 
forms can survive, perhaps owing to physical causes, perhaps 
owing to competition. At any rate a fresh series of organisms 
comes into account, and gradually becomes more and more 
dominant, reaching its maximum at about 45 fathoms but con- 
tinuing to exist on to 25 or 30 fathoms, at which depth in the 
tropics reef corals obtain full sway over all other sedentary 
forms of life. This medium depth group of organisms is a 
most varied one. It includes in the first place many corals 
such as Goniopora, Alveopora, Dendrophyllia, Leliopora, 
Millepora and many solitary Madreporaria. Polytrema is 
not unimportant from its consolidating (binding) growth. 
Sponges are few but molluses of all sorts are very abundant. 
Lithothamnion is known to completely cover banks at 66 
fathoms, and not improbably has had a considerable share in 
building them up to this height; various forms of //alimeda 
and similar algae no doubt also exist. 

There is no upward limit to the growth of these medium 
depth forms. Most enter into competition with the actual 
organisms of the reef, but apparently few are able to compete 
with the reef corals. The larvae of the latter settle in some 
numbers at about 40 fathoms, and commence a struggle with 
the possessors of the ground for supremacy. The reef corals 
feed almost entirely by means of their commensal algae, and, 
as the depth decreases, the light becomes more powerful so that 
at about 25 fathoms they finally obtain the yo hand and 
only a few of the deeper organisms (notably J/il/epora and 
Heliopora) manage to maintain their position. Our bank, in 
effect, soon becomes crowned with a surface reef. 

It is scarcely necessary to point out that the smaller a bank 
the greater the relative circumference it presents, and the more 
the water over it will be mixed together ; and that the shallower 
the bank, irrespective of its size, the less will such admixture be. 
The smaller the bank the more will the current be divaricated 
on either side of it, and the less will its rate be increased. The 
larger the bank the more will the rate of the current around it 
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be enhanced, and more water will consequently have to pass 
over it. The Maldive plateau is an extreme case both from its 
size, particularly its length, and from the fact of its being sit- 
uated practically at right angles to the main currents of the 
Indian Ocean, viz., those of the monsoons. Even at 75 to 150 
fathoms there would have been, I believe, a considerably lesser 
supply of food to its edges than to its center so that on the 
former more growth would have been seen, and gutters, having 
been formed as shown above, the foundations would have been 
laid for the present banks. Still more definitely would these 
conditions have become established as the banks grew up, and 
in the second phase of growth the separation of the banks would 
have been still more marked. 

It follows from the above considerations that, as the banks 
approached the surface, there would naturally have tended to 
be a rim formed to each. Each again would have tended to 
split up into separate reefs in the same manner as the whole 
plateau had previously itself been severed into separate banks. 
The depth at which this cleavage took place is of some import- 
ance as bearing on the depths of the lagoons of the various 
banks as well as on the depths of the passages into these lagoons. 
It is not until the rim becomes moderately perfect that the 
atoll lagoon begins to be hollowed out by solution, and its depth 
in the first place would to a large extent depend on that of the 
original shoal before the rim “became definitely determined. 
Now, as the depth at which the growth of the rim commenced 
would necessar ily vary by decreasing with the reduction in size 
of the original bank, the lagoons of larger banks would from 
the start have had a greater depth than those of smaller. 
Tiladumati-Miladumadulu and Mahlos give the depth of 25-30 
fathoms for large, linearly extended banks, but in Suvadiva, 
Kolumadulu and Haddumati, large, rounded and somewhat 
isolated banks, the depth would naturally be expected to be 
greater. Our present knowledge allows only a guess at the 
original depth and the amount which it has ‘increased owing 
to various causes. In any case the Maldives clearly give a series 
from an immense atoll 50 fathoms deep on the one hand to 
open banks studded with isolated reefs ; and on the other through 
atolls of various sizes to separate reefs of a mile or two across, 
not as yet of atoll form and rising directly from the common 
plateau. Lastly, even on an open bank it is obvious from the 
foregoing considerations that some parts of the rim might again 
be still further broken up and form atolls of a secondary order, 
a condition which seems to be clearly shown in Mahlos and 
the other northern banks. 

Having shown how the banks may have, and, considering our 
evidence, probably have grown up, I pass to the consideration 
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of the changes in progress and here I have a firmer basis of 
fact. First, it is obvious that change depends largely on the 
rate of growth of reef-corals. Estimates of all sorts had been 
made previous to my expedition, but none were founded on 
other than isolated growths. I was, however, fortunate enough 
to obtain forty coral colonies weighing 21,961 grams and measur- 
ing 13,026 cubic ems. from an area of four square yards, which 
had been absolutely cleared less than three years before. The 
area being considerably enclosed was by no means a rich one, 
and the corals had each to become affixed and to start from a 
larva, but against this the position was in shallow water where 
the full effect of sunlight would have been felt. According 
to one method of estimating I conclude that the growth of a 
reef would be upwards of 15 fathoms in 1,000 years, whilst 
according to another method, which assumes all conditions to 
be good, such as on the seaward side of a reef or on an open 
bank, it would be upwards of 25 fathoms. Whatever estimate 
may be correct, the facts show that the rate of growth of a 
reef is relatively rapid, and that, unless checked in some way, 
any coral-covered bank at a suitable depth would soon reach 
the surface. 

The facts relating to the solution of carbonate of lime in 
sea water are well known and require no recapitulation. Gen- 
erally, the bottom within the lagoons dof the larger atolls and 
banks was covered between the surface and 10 fathoms with 
corals, between 10 and 20 fathoms with rubble, and between 
20 and 25 fathoms with coarse sand passing to fine sand and 
finally mud at about 40 fathoms. Most of the lagoons are 
amply provided with passages through their rim reefs, the 
depths in which seem to bear some relation to the depths within 
the lagoons, and there is in all an ample circulation of water. 
Coral sand from the island shores or such as collects on the 
surface reefs in hollows, contains about ‘03 per cent of silica, 
rock on the land which has suffered rain water denudation °06 
Se cent, whilst mud from Suvadiva lagoon 40 to 50 fathoms 

as 2°4 per cent. The difference is remarkable. Fourteen 
thoroughly representative surface sands and rocks gave an 
average of ‘047 per cent of silica, and muds from three differ- 
ent parts of Suvadiva lagoon all over 40 fathoms gave 2°441 
per cent, or fifty times as much. Some of this enormous dif- 
ference no doubt may be due to Radiolaria and sponge spicules 
collecting rather in the lagoon, but no explanation seems to me 
to “4 thoroughly adequate that does not consider solution as 
well. 

Other important factors enter into and undoubtedly assist in 
the formation of the lagoons, or at the least prevent them from 
being filled up. Even within their areas an enormous bulk of 
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carbonate of lime is laid down by the corals and other marine 
animals, but this at once, except in particularly favorable, i. e. 
quite open situations, is very rapidly acted upon by various 
organisms and reduced to the finest mud. In the first place 
boring algae of the genus Achyla penetrate the lime skeletons 
in every direction, extending almost up to touch their living 
tissues. They are soon followed by boring sponges, the rami- 
fications of some of which are as fine as those of Achyla 
while the growths of others hollow out cavities of a square 
em. or so in the skeletons. A way is paved by these for vari- 
ous Polychaeta, of which worms of the family Eunicidae are 
by far the most numerous both in numbers and species. Again, 
these are succeeded by sipunculids such as Aspidosiphon, 
Phascolosoma, ete., while numerous Crustacea and Polychaeta 
take up their abode in any holes. .Lithodomus, Lithotrya and 
other forms complete the destruction, and the largest coral 
skeleton crumbles down into small fragments. But then a 
fresh class of organisms, which feed on such organic matter as 
coarse sand or small rubble may retain, comes into play and, 
while often keeping the coarser fragments in their guts for 
long periods of time, finally pass the whole out in the form of 
fine mud. Of this class of animal, by far the most important 
on account of their great abundance in every position, are the 
Holothurians. Sipuncdlids, various Echinids and Thalassema 
are often very numerous, while Ptychodera is abundant every- 
where but only dwells where there is a considerable thickness 


- of sand. 


As already remarked, there is an ample cireulation of water 
within the lagoons of most of the Maldive atolls and banks. 
The encircling reefs: are seldom crowned for more than the 
half of their length by land, and the passages into the lagoons 
are generally deep. It is only in a few protected situations, 
where the depth is as great as 40 fathoms or more, that the 
lagoon bottom appears not to be churned up by the currents 
and waves. In heavy weather the lagoon water is almost 
milky, and floating surface nets are almost useless on account 
of the enormous amount of mud in suspension. The total 
amount of mud that passes out of the lagoon in the water is 
enormous, and must be of wide reaching importance. On the 
other hand the destructive effects outside the atolls within the 
same limits, i. e. down to 40 fathoms, are relatively small, and 
the vast quantity of coral mud, that covers 400,000 square 
miles of the Indian Ocean as compared with the 25,000 square 
miles occupied by the reefs and banks, is almost entirely 
formed by the fine material which is in this way carried out of 
the lagoons and off the coral banks. Solution is probably 
more constant than this action, but the two combined undoubt- 
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edly serve not only to prevent the lagoons from being filled 
up but also to enlarge them. Both to some degree increase 
as the atoll-form, i. e. the ring of reef round a bank, becomes 
more perfect. Neither action can proceed through the bodies 
of living organisms, and on an open bank the whole slope of 
any reef is often practically completely covered by fixed and 
living animal and plant life, so that both this action and solu- 
tion are impossible. The movement of fine mud tends to 
choke and kill the organisms on the lower slope of any reef 
on a bank or within a lagoon. Since more mud is deposited 
as a bank becomes enclosed, sedentary life in this position 
must be seriously affected, and then the boring animals enter, 
weakening the coral masses so that they topple over, giving 
fresh openings for the entrance of a new series of” boring 
forms. The effect is well seen in the practically perpendicular 
lagoon slopes of the reefs, that fringe or lie within the lagoons 
of the Maldive atolls, from three fathoms or so to within a 
few fathoms of the bottom,* 

With this gradual but sure increase in the size of any 
lagoon it is necessary for the life of any atoll that its rim reefs 
should be growing outwards at least as rapidly as destruction 
is taking place inside. All conditions point clearly to this 
being the case. From the outer edge of an encircling reef-flat 
there is generally to seaward a gradual slope to 30-50 fathoms 
in 200-400 yards, sueceeded by the steep already referred to. 
This slope is essentially the growing area, being covered almost 
completely by living organisms, great spreading and branching 
colonies of all kinds of corals, which are being bound together 
and fixed by Lithothamnion, ’Polytrema and many other kinds 
of encrusting organisms. At the edge great masses are con- 
stantly reaching the surface, and at the same time being bound 
by the same organisms on to the reef flat behind. Fissures 
remain for some time in the edge of the reef for the escape of 
the water, but these subsequently become bridged across, and 
finally built into the solid reef. At the same time the outwash 
of detritus, largely due to the under-currents, causes a raining 
down of coral masses and sand over the edge of the steep, 
carrying it out and allowing the extension of the whole out- 
wards as a fairy ring. 

The whole mode of growth sounds most simple, while in 
reality it is produced by a series of nicely correlated actions, 
which result in the atoll shape, undoubtedly the dominant and 
characteristic form of oceanic reefs. Should the encircling 
reef become too narrow, the conditions within it will become 
more open, and more of its lagoon will be covered by coral 


* This perpendicular slope is not consistent with the possibility of the 
lagoons having been filled in by detritus washed over their encircling reefs. 
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growth. The effect will. be absolutely opposite, if the outward 
growth of the atoll causes a considerable broadening of the 
rim. Much land on the encircling reef, by preventing the 
rush of tidal water into the lagoon, by protecting the lagoon 
from wind, etc., may prevent a free circulation of the water 
for solution and erosion, and so produce a stillness and calm- 
ness in its waters, eminently favorable for a vigorous growth 
of corals which may to a greater or less extent fill it up, a 
condition perhaps found in the lagoon of Addu atoll. 

Lastly, land in the Maldives appears to have been formed 
by three means, (1) a small elevation, (2) the washing back and 

iling up of loose coral masses on a reef flat, and (3) the wash- 
ing and blowing up of sand on a flat from the lagoon. Most 
of the islands on the rim reefs, which show any definite signs 
of their origin appear to have been formed in their earliest stage 
by the first means, but they have frequently been very greatly 
added to and increased in size by the last. At the present 
time the islands show in one place increase and in another loss, 
the latter on the whole predominating. 

The various changes and modes of growth, as sketched above, 
may be seen in the different banks and atolls of the Maldive 
Group. The open banks show numerous small flat reefs, aris- 
ing from 25-30 fathoms, and even complete little atolls stud- 
ding their surfaces. A flat reef may become completely 
covered with land, or a small depression may appear in its 
center due to the impossibility of organisms growing in that 
position, to solution and the outwash of sand and mud. This 
may deepen, and, the whole meantime spreading, our bank 
may turn into a small atoll (atollon or favo), while other neigh- 
boring faro may perhaps have grown up as such. Our atollons 
will still go on broadening, and this will especially be the case 
with those towards the edges of the bank, since the; will be 
bathed by the freshest water. As growth proceeds, the reefs 
of these atollons will meet and fuse with one another, forming 
a double rim to our bank, which, by this means, will be turned 
into an atoll (vide Suvadiva Atoll). Finally the inner parts of 
the same little atolls will be removed by solution and the 
action of the currents, so that their little lagoons will be 
thrown into the big central lagoon, and thus will be brought 
about the formation of our typical atoll. The distribution, the 
slopes and topography of these small faro and banks of the 
Maldives, and the distribution of sedentary and other life in 
the group are explicable on such a view alone, though there is 
not wanting evidence also from the comparison of the present 
condition of the banks with that shown in Moresby’s charts of 
1836. The latter evidence is in any case quite subsidiary and 
much of it of doubtful value on account of the small scale of 
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the original charts and my lack of time, means and experience 
for a thorough survey. Yet, the fact ‘that the great bulk of 
the evidence points in precisely the same direction lends con- 
siderable support to the views put forward above, which I 
have attempted to graphically represent in the annexed figure. 


















1 
0,20 40 60 89 100 
20 
40 
60 
80) 
100+ 
we Mi) 7) YT VV 
YH LI ff, “Uf Hf 
Sy Wy iH // A fy Sts if // Af}, 
Wi Hf, yy Yiifffff YM 
}!) / // 
Wy), YIM UY LM Mf WM Wi yoap 
300+ 


Fic. 1.—Diagram showing some points in the formation of the Maldives. 
The figure represents a supposed section through the rim of one of the atolls 
(scale in fathoms). 

A. Basis of primitive rock, cut down by the action of the currents, etc. 

B. Upgrowth of a shoal by means of deep-sea corals assisted by other 
organisms. The more densely shaded area between B and D shows the depth 
at which the deep corals cease to grow and the reef forms commence. The 
reef, however, in this part is mainly formed by the medium depth corals 
and other organisms. 

C. Outward extension of the reef by means of detritus, swept off the reef 
above by the currents. 

D. Surface reef, formed by corals, etc. 

E. Land, formed by elevation or a piling up of sand and rubble on the 
reef, 

F. Lagoon, formed partially by the more rapid growth of the organisms 
on the edge of the original bank, building up an encircling reef, and 
partially by the solution and erosion of the central parts. 


In conclusion, it may be observed that the above remarks 
apply mainly to ‘the Maldive Group, but it is not unlikely that 
many of the dominant conditions there will be found to be 
dominant all over the coral reef area of the Indo-Pacific region. 
I have done no more above than touch on a few of the newest, 
most important and general points relating to the subject. For 
a full and detailed account of the coral formations and biologi- 
cal conditions of the Maldives, I must refer to “The Fauna 
and Geography of the Maldive and Laccadive Groups” already 
cited. 


Gonville and Caius College, 
Cambridge, England. 
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Art. XX.—On the Heat of Combustion of Hydrogen; by 
W. G. MixTer. 


[Contributions from the Sheffield Chemical Laboratory of Yale University.] 


THE constant for the heat of combustion of hydrogen is 
fundamental in thermal chemistry and its values found in the 
more recent investigations differ by nearly two per cent. 
While the results of Thomsen, Schiiller and Wartha, and Than, 
agreeing closely, may be regarded as quite accurate, it appeared 
desirable to obtain additional data, and also to make a critical 
investigation of the bomb method of calorimetry now in gen- 
eral use. Andrews made good determinations of the heats of 
combustion of hydrogen and carbonic oxide with a copper 
bomb in 1848 but his method does not appear to have been 
used again until Berthellot perfected it. 

The calorimeter, fig. 1, consists of the bomb B, the calori- 
meter vessel OC, supported by the wooden ring W in the tin 
vessel A which is surrounded by the double-walled copper 
tank containing 20 liters of water. The water in the calori- 
meter is stirred by two small propellers. The bomb is fine 
silver except the stem of sterling silver. Its capacity was 
found by filling it with boiling water, allowing to cool, best in 
a tank of water in a room of constant temperature, and weigh- 


‘ing with the usual precautions. Determinations were made at 


4° and common temperature and the difference in volume 
observed accorded well with that calculated with the coefficient 
of expansion of silver. The internal volume of the bomb was 
found to diminish 0°15° when the internal pressure was made 
737™ less than the external, and to recover its original volume 
when the internal pressure was restored. No correction was 
made for this change in volume in the exhausted bomb. After 
several explosions the capacity of the bomb was found to have 
increased 025° by each explosion. An internal pressure of 16 
atmospheres for 18 hours expanded it 0°3° and the internal 
volume was then 1110°56° at 18°. After lying unused eight 
months it was found to be 1110°58°. The capacity of the 
stem of the bomb is 0°3°. E is an insulated platinum electrode 
for sparking the gas. The calorimeter vessel C is german sil- 
ver and is nickel plated on the outside. The water equivalent 
of it and the bomb was derived from the specific heats given 
in Landolt and Bernstein’s Physikalish-Chemische Tabellen, 
using Naccari’s numbers for copper at 17°, zine at 18°, silver 
at 23°, and Regnault’s for nickel between 14° and 97°. 
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Water 
Specific equivalent. 

grams. heat. grams. 

Copper ..-....- 318°8 009245 29°5 

Vessel C 4 Nickel ..-..-.- 95°7 0°1092 10°4 
IE? Seesaw 116°9 0°0915 10°7 

531°4 50°6 

Silver bomb ....-..-..-...- 1342° 0°05498 73°8 
124°4 
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Two differential thermometers graduated to hundredths and 
numbered 1 and 172,683 respectively were used in the work. 
They were calibrated and compared with a standard ther- 
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mometer graduated to tenths. This was also calibrated and its 
0° and 100° points determined and the results agreed well with 
the certificate of the Reichsanstalt. The correction for No. 1 
is +0°003° and for No. 172,683+-0°038° for an interval of 5° 
on the scale of each. 

By way of control comparisons were made with an air ther- 
mometer consisting of the silver bomb connected with a con- 
stant volume pressure gauge. As the air thermometer was in 
fact the calorimeter the differences in temperature observed 
with the mercurial thermometers were subject to the same 
source of error as the temperature observations of the calori- 
metric work. The following are the results : 


Interval. Standard. Air thermometer. 
i 5°003° 5°004° 
© ETE BOe evens 5° 5°088° 5*036° 


The error in the value of 1°8°, the interval in the ealori- 
metric work, probably does not exceed 0°001°, Thermometer 
No. 3, used for finding the temperature of the gas measured, is 
graduated to tenths. It was calibrated, and compared with 
the standard, and the 0° point was from time to time taken in 
ice. 

The temperature interval of the calorimetric work was deter- 
mined as follows: The temperature observed at the instant of 
an explosion was taken as the initial temperature. It was 
assumed during the first minute after an explosion that the 
gain and loss of heat from external causes were equal. To the 
maximum temperature observed was added the average fall 
noted subsequently for the number of minutes less one inter- 
vening between the explosion and the highest temperature. 
The errors due to the time required for the thermometers to 
come to an equilibrium with the water are small, since No. 1 
changed the last 0°01° in 20 seconds and No. 172,683 in 30. 

The barometer used was one made by Green. The scale is 
0-7™ less than 760™" on the standard meter of the Physical 
Laboratory, and the correction for the meniscus is 0°72™". 
Three sets of weights used in the investigation were tested and 
found to be sufficiently in accord for the purpose. The bal- 
ance is an old 5* one in an ordinary glass case. It indicates a 
difference of one milligram with a load of 2* on each arm. 
During the third series of experiments it was enclosed in a large 
hood. The weighing of gas required much time, and proved 
to be sufficiently accurate for the purpose. The weight of the 
water used in the calorimeter was reduced to weight in vacuo. 

The mass of one liter of hydrogen in the latitude of New 
Haven, 41°3°, is taken as 0°089844 gram and is derived from 
Morley’s figure 0°089873 gram for latitude 45°. The mass of 
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one liter of air is 1°293 gram in latitude 45° and in New Haven 
it is 1:2926 gram. No correction was made for. the small ele- 
vation of the laboratory above the sea level. The coefficient 
of expansion of both hydrogen and air used in the calculations 
is 0°00366. 

The apparatus employed in filling the bomb with hydrogen is 
shown in fig. 2, page 217. The generator K was charged with 250 
grams of sheet aluminium and a solution of sodium hydroxide 
of density 1-1. Owing to the alkali held by the bulky sedi- 
ment which formed on the metal the gas was evolved for 
hours and often for days after the stop cock was closed, thus 
expelling the air from K and L. The latter vessel contained 
water to keep air from contact with the solution in K. Each 
series of experiments was made with one charging of the gene- 
rator. For the last series zinc was substituted for aluminium. 
The hydrogen was tested for arsenic by the Marsh method, 
though if present none was likely to escape the alkali; for 
carbon compounds by passing it over glowing copper oxide and 
then into lime water; and for ammonia by the Nessler test. 
None of these impurities was detected. The jar P contained 
24 kilos of potassium hydroxide, in sticks. ydrogen or air 
after passing through this drying jar yielded to phosphorus 
pentoxide only 0°2 milligram of water per liter, an amount 
too small to affect the results. The method is well suited to 
drying rapidly large volumes of gas. The manometer M is a 
barometer and tube as shown. The apparatus was exhausted 
by means of large water-aspirator pump connected at Bb. To 
prevent moisture or air passing into the apparatus mercury was 
placed in S so that the end of T dipped into it. The bottle A 
with its tubes is for removing the mercury from S when neces- 
sary. The small brass tubing of the connections was tinned 
and varnished. The bomb was protected from changes of 
temperature by a glass jar packed in cotton wool in a wooden 
box, which stood in the hood with the balance. 

The relative mass of the bomb was obtained as follows: It 
was repeatedly filled with air dried by potassium hydroxide 
and finally closed after noting the temperature and pressure. 
It was then counterpoised on the balance by a silver plated 
copper bomb of like shape and size. Next the air was exhausted 
to 15 or 20™™ pressure and the loss in weight noted. The 
bomb was next filled with hydrogen at a known temperature 
and low pressure and weighed again. The relative mass of the 
bomb in the first case is the mass of the counterpoise less the 
calculated mass of contained air. In the second and third 
instances it is less the weight required to counterpoise it again 
plus the calculated weights of the contained gases. The mean 
of the three results was taken as the mass of the bomb. 
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The bomb was then filled with hydrogen and exhausted to 
a pressure of 15 to 20" and the process was repeated a num- 
ber of times. This method of filling the bomb was adopted 
with the idea that there was less danger of air leaking into the 
bomb than if the exhaustion was made more nearly complete 
by long pumping with a mercury pump. The close agreement 
between the calculated and observed weight of the hydrogen 
shows that the errors from impurity of the gas were negligible. 
except in four experiments of the first series. The apparatus 
used in filling the bomb in this series was similar to the one 
described with the exception that some rubber tubing was used 
in the connections. After the final filling of the bomb with 
hydrogen the mercury was removed from § so that the gas in 
the bomb which was under more than atmospheric pressure 
might escape through the long small tubing until it attained 
the pressure of the atmosphere and without danger of air dif- 
fusing into the bomb. The temperature, pressure and weight 
of the gas were noted. The hydrogen was weighed in order 
to have evidence of its purity but the mass etetianed from the 
volume was used in the calculation of a calorimetric result. 
The oxygen required was made from potassium chlorate, and 
was passed through a cylinder filled with sticks of potassium 
hydroxide and condensed in an iron flask containing solid 
potassium hydroxide. It was free from compounds of carbon 
and contained 2°7 per cent of nitrogen. With this amount of 
nitrogen present the quantity of nitric acid which was formed 
by an explosion was too small to be taken into account. The 
bomb was rinsed after an explosion with about 100° of water. 
The wash water was neutral to ordinary litmus paper, gave a 
slight turbidity on addition of hydrochloric acid, and contained 
only a milligram of silver. The oxygen was passed by means 
of a tube 2™™ in diameter into the bomb and the valve of the 
latter was closed when the gauge indicated rather more than 
half an atmosphere. There was, therefore, no danger of loss 
of hydrogen by diffusion. The quantity of oxygen in the 
bomb was also found by weighing. 

To Dr.-H. A. Bumstead of the Physical Laboratory the 
writer is indebted for the following method of reducing the 
results. 

The general formula for reducing the heat of combination, 
found under the condition of constant volume, and between 
the temperatures ¢, and ¢, to that found at 0° and under con- 
stant pressure, is easily obtained by imagining the mixed gases 
to be carried through two different processes from the same 
initial state to the same final state, and equating the losses of 
energy in the two processes. 


Am. Jour. Scr.—Fourtn Series, Vou. XVI, No. 92.—SEpPTEMBER, 1903. 
15 
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(1) Suppose m grams of the mixed gases, originally in the 
state p, v, t,, is first cooled and expanded or compressed until 
its state is P, v,, 0°; by Joule’s law, the total loss of energy 
will be mC,¢, calories, where C, is the specific heat at constant 
volume of the combined gases. Let the gases now combine at 
constant pressure, giving out Q calories, in the form of heat, 


+e v Cnr 
and receiving - calories, in the form of work done by the 


outside pressure (the final volume of the water being negligible 
in comparison with v,). The total loss of energy by this 
process is thus 


Q- = + mC,t.. 


@) In the second process, starting with the same conditions, 
let the mixture be burned at constant volume, »v, the final tem- 
perature of the calorimeter being ¢,; let the observed heat be 
Q’. If o, is the density of steam at.¢ and p, its pressure, the 
mass of uncondensed vapor will be o,v (again neglecting the 
volume of the water); let this be compressed, at constant tem- 
perature, ¢, until all is condensed. The energy given to it in 
Pw 
J 
be o,vL,, where L, is the latent heat of steam at the tempera- 
ture ¢. Let the resulting water be then cooled from ¢ to 0°, 
giving out mz calories. We now have water in the same final 
state as by the first process, so that the losses of energy in the 
two cases are equal. 


the form of work will be calories, and the energy lost will 





Thus 
Q- = + mC,t, = Q'+oevL,— fe +mt 
or Q = Q'+o,~L,+ =y +mt—mC,t, — i / 


The product o,L, may be got most conveniently from the 
formula of Clapeyron which, when we neglect the volume of 
water in comparison with the volume of steam, becomes 


1 dp 
oL, = + (278 +2) 5, 


dp 
dt 
different temperatures. 

If one gram of hydrogen is burned, and P is the standard 
pressure, 760™" of mercury, at latitude 45° 


Pv, _ 76° 13°6 X 980°6 x 16680" 
> ities 


being obtained from a table giving the pressure of steam at 





= 404: calories. 


4°181 x10" 
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- « . 
mO, = 3°6, m = 9 grams and & is a small correction amount- 


ing to about 6° calories when ¢ is 18°. Thus 


Q=Q'+oul,+404+9¢—3-6¢,— 70, (1) 
If Q” is the heat given out when m grams of the mixed 
gases are burned to liquid water between ¢, and ¢, at the con- 
stant pressure P, precisely similar reasoning shows that we 
have 
Q = Q’+mt — mO,t, (2) 
where C, is the specific heat, at constant pressure, of the 
mixed gases. 


First Series. 


Experiment 1.—Hydrogen, 1107°6° at 17°6° and 767-4" ; 
calculated weight 0°0944, observed 0°0945 gram. Water and 
water equivalent of calorimeter 1761°2 grams. 


Minutes. Temperature. Temperature interval. 

0 15°73 17°498 — 15°73 +0°005=1°778° 
15°73 
15°73 Observed heat, 1761°2 x 1°773==3122°6° 
17°50 Correction to calorie at 20° oe 
17°498 
17°495 3124°8° 
17°488 
17°485 
17°477 


Substituting numerical values in equation 1 we have 





Oat Ore co doe 


3124°8 


Q'=: 00 = 33102 

ov, = 102 

Pv, Ae. 

a = 404 

9 = 157 

—3°6t, = — 57 
pw an 

ai i =_ _ 

Q = 33702° 


Experiment 2.—Gas, 1108 at 18°3° and 756°8"", weighing 
00965 gram ; weight of like volume of hydrogen 0°09289 
gram. Oalculated amount of hydrogen present 0°09266 gram. 
Water and water equivalent of calorimeter 1720°4 grams. 
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Minutes. Temperature. Temperature interval. 

0 15°074 17°9038 —15°082 + 0°002—=1°828° 
1 15°078 

2 15°082 Observed heat, 1720°4 x 1°823=3136°3° 
3 17°883 Correction to calorie at 20° 2°3° 
4 17°903 

5 17°901 3138°6° 
6 17°899 From these data we have for the value 
7 17°897 of Q=34488°. 


Experiment 3.—Gas, 1108°3° at 17-9° and 773:2™", weigh- 

ing 0°1004 gram ; weight of like volume of hydrogen 0-09507 

ram. Calculated amount of hydrogen present 0°09469 gram. 
ater and water equivalent of calorimeter 1765-4 grams. 





Minutes. Temperature, Temperature interval. 

0 16°631 18°454— 16°643—=1°811° 
1 16°637 

2 16°643 Observed heat, 1765°4 x 1°811==3197°3° 
3 18°454 Correction to calorie at 20° 1°6° 
4 18°454 

5 18°454 3198°9° 
6 18°456 Q=34395° 


Experiment 4.—Gas, 1108°6° at 18°5° and 751:3™", weigh- 
ing 0°095 se: weight of like volume of hydrogen 0:09221 
Gan. Calculated amount of hydrogen present 0°09202 gram. 

ater and water equivalent of calorimeter 1733°3 grams. 
Minutes. Temperature. Temperature interval. 

0 17°109. 18°896 —17°115 + 0°004=1°785° 
17°112 
17115 
18°896 Observed heat, 1733°3 x 1°785=3093°9° 
18°896 Correction to calorie at 20° 1°2° 
18°892 
18°889 3095°1° 
18°884 Q=34254° 


Experiment 5.—Hydrogen, 1108°8° at 19°3° and 767:8™" ; 
calculated weight 0°09399, observed -0°095 gram. Water and 
water equivalent of calorimeter 1716 grams. 


Minutes, Temperature, Temperature interval. 
16°427 18°244—16°429 + 0°005=1°820° 
16°428 

16°429 

18°244 Observed heat, 1716 x 1°82=3123°1° 
18°244 Correction to calorie at 20° 1°5° 
18°234 
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18°234 . 3124°6° 
18°225 Q=33854° 

18°225 

18°217 


Cano ar WD © 




















Minutes. Temperature. 
15°330 
15°331 
15°332 
17°166 
17°180 
17°174 
17°170 
17°163 
17°157 
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Minutes. Temperature. 
17°201 
17°202 
17°203 
18°967 
18°967 
18°959 
18°952 
18°945 
18°937 





aN trhkrwnde SS 


Minutes. Temperature. 
15°291 
15°296 
15°301 
17°113 
17°127 
17°129 
17°126 
17°123 
17°12) 
17°119 
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Experiment 6.—Gas, 1109° at 16°2° and 768°4"", weighing 
0°098 gram; weight of like volume of hydrogen 0°09511 gram. 
Calculated amount of hydrogen present 0°09489 gram. Water 
and water equivalent of calorimeter 1706-2 gram. 


Temperature interval. 
17°180—15°332 + 0°005=1°853° 


Observed heat, 1706°2 x 1°853=3161°6° 
Correction to calorie at 20° 2°5¢ 





3164°1° 
Q=33942° 


Experiment 7.—Hydrogen, 1109°3° at 21°5° and 761°1™ ; 
calculated weight 0°09251, observed 0°089 gram. (There was 
evidently an error in weighing the hydrogen.) Water and 
water equivalent of calorimeter 1728°8 grams. 


Temperature interval. 
18°967 —17°203 +0°007= 1°771° 


Observed heat, 1728°8 x 1°771=3061°'8° 
Correction for calorie at 20° 1°2° 





3063°0° 
Q=33727° 


Second Series. 


Experiment 8.— Hydrogen, 1109°3° at 17°05 and 752°9™" ; 
calculated weight 0°09294, observed 0°0933 gram. Water and 
water equivalent of calorimeter 1688°8 grams. 


Temperature interval. 
17°129— 15°301 + 0°005=1°833° 


Observed heat, 1688°8 X 1°8338=-3095°5* 
Correction to calorie at 20° 2°5° 





3098°0° 
Q=33932 
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Experiment 9.—Hydrogen 1109°5° at 15°9° and 770™"; cal- 
culated weight 0°09544, observed 00953 gram. Water and 
water equivalent of calorimeter 1710-4 grams. 


Minutes. Temperature. 


15°071 
15°076 
15°081 
16°903 
16°939 
16°940 
16°938 
16°936 
16°935 
16°933 


Canroaourkwnd— oOo 


Temperature interval. 
16°940— 15-081 + 0°004=1°863° 


Heat observed, 1710°4 x 1°863=3186°5° 
Correction to calorie at 20° 25° 





3189°0° 
Q=34008° 


Experiment 10.—Hydrogen, 1109°8° at 15°6° and 755°4™" ; 
calculated weight 0:09376, observed 0°0933 gram. Water and 
water equivalent of calorimeter 1765-7 grams. 


Minutes. Temperature. 


15°044 
15°046 
15°048 
16°813 
16°814 
16°812 
16°808 


a2ansTaooar one 


16°802 


16°805 ~° 


Temperature interval. 
16°814—15°048 + 0°003=1°769° 


Heat observed, 1765°7 x 1°769==3123°6° 
Correction to calorie at 20° 2°5° 





3126°1° 
Q=33934° 


Experiment 11.—Hydrogen 1110-2” at 18°4° and 767:1™" ; 
calculated weight 0°09432, observed 0°0947 gram. Water and 
water equivalent of calorimeter, 1711-9 grams. 


Minutes, Temperature. 


16°049 
16°054 
16°062 
16°067 
17°874 
17°904 
17°904 
17°902 
17°900 
17°898 


OMaT OT CO DK © 


Temperature interval. 
17°904— 16°067 +0°004 = 1°841° 


Heat observed, 1711°9 x 1°841=3151°6° 





Correction to calorie at 20° 1°9° 
3153°5° 

Q=34039° 

Third Series. 


Experiment 12.—Hydrogen, 1110°6% at 17°3° and 761™"; 
calculated weight 009395, observed 0:0934 gram. Water and 
water equivalent of calorimeter, 1633-3 grams. 
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Minutes, Temperature. Temperature interval. 
0 16°140 18°050—16'142 + 0°014=1°922° 
1 16°141 
2 16°142 Heat observed, 1633°3 x 1°922=3139°2° 
4 18°049 Correction to calorie at 20° 1°9°¢ 
5 18°050 
6 18°043 Q=34041° 3141°1° 
7 18°036 
8 18°029 


Experiment 13.—Hydrogen, 1110°7° at 15°9° and 767°25™" ; 
calculated weight 0-09519, observed 0°0953 gram. Water and 
water equivalent of calorimeter, 1683°3 grams. 





Minutes. Temperature. Temperature interval. 

0 15°771 17°656 — 15°78 + 0°008=1°884° 
1 15°776 
2 15°780 Heat observed, 1683°3 x 1°884=3171°3° 
4 17°616 Correction to calorie at 20° 2°6° 
5 17°656 
6 17°656 3173°9° 
7 17°653 Q=33945° 
8 17°651 
9 17°648 

10 17°645 


Experiment 14.—Hydrogen, 1111°1° at 20°1° and 754°15™ ; 
calculated weight 0°09227, observed 0°0924 gram. Water and 
water equivalent of calorimeter, 1731°2 grams. 





Minutes. Temperature. Temperature interval. 

0 16°410 18°209— 16°423 = 1°786° 
1 16°416 

2 16°423 Heat observed, 1731°2 x 1°786=3091°9° 
4 18°204 Correction-to calorie at 20° 1°5° 
5 18°209 

6 18°209 3093°4° 
1 18°209 Q=34136° 


The following table contains the result of every thermal 
experiment made with hydrogen : 


First series. Second series. Third series. 
Thermometer No. 1. Thermometer No. 1. Thermometer No. 172,863. 


No. of exp. Calories. No. of exp. Calories. No. of exp. Calories. 


1 33702 8 33932 12 34041 
2 34483 9 34008 13 33945 
3 34395 10 33934 15 34136 
4 34254 11 34039 
5 33854 
6 33942 
7 33727 

i icinencdidind ce 34051 33978 34041 


Probable error .. + 80 + 18 + 38 
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Weighting these means inversely as the squares of their prob- 
able errors, we have for the mean of the three series 3399316 
calories for the heat of combustion of one gram of hydrogen at 
constant pressure and formation of liquid water at 0°, and in 
terms of the calorie at 20°. 

It may be stated that the aim has been to present an outline 
of the work sufficient to show the character of it, omitting a 
vast amount of detail. Every precaution was taken to ensure 
accuracy and much time was spent in testing the thermometers 
and in finding the most favorable room temperature for the 
work. The investigation was the more laborious because a 
room of fairly constant temperature was not available, and it 
was often necessary to wait for hours or a day for the condi- 
tions requisite for thermometric and barometric observations. 


RESULTS OF OTHER INVESTIGATORS. 


In the following table the results of different investigators 
are given in chronological order and for constant pressure. 
Andrew’s published result of 33808° at constant volume is 
increased 438° for constant pressure. Likewise Than’s observed 
heat of 33822° at constant volume is 404° greater for constant 
pressure. 








Calories, Temperature. 

34473 Dulong. Heat of formation of 9 grams of water. 

34792 Hess. ed - " ” 

34666 Grassi. * - os * 

34246 Andrews.* ** combustion 1 “ hydrogen 20°—22° 

34462 + elon “ formation of 9 a water 6°—12° 

34178 Thomsen. - * 9 n “« —16°—20° 
oe ochiiller and . ° ; . ‘“ ° 

tise Wartha.§ ; ; vars, ’ 

34226 Than.|| ” “6 898 “ ° 0° 

34495 Berthellot.4 ** combustion of 1 “ hydrogen 9°—10° 


Calculating the heat of combustion of one gram of hydrogen 
from the heat of formation of the stated amounts of water on 
the basis of the accepted ratios of 2°016 to 16 of hydrogen to 


oxygen in water, we have 
* Phil. Mag. [3], xxxii, 321, 1848. 


+ Ann. Chem. et Phys. [3], xxxiv, 349, 1852. 
¢ Thermochemischen Untersuchungen, ii, 52. 
§ Ann. Phys. u. Chem. N. F., ii, 371, 1877. 
| Ann. Phys. u. Chem. N. F., xiv, 393, 1881. 
4] Ann. Chem. et Phys. [6], xxx, 553, 1893. 
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Calories. Calories. 

34498 D. 33937 Thom. 16° to 20° 
34547 H. 33961 S. & W. 0° 
34414 G. 

34246 A. 20° to 22° 34061 Than 0° 
34219 F. & S. 6° to 12° 34495 B. 9° to 10° 


The most recent investigation of the specific heat of water 
is that of Callendar and Barnes.* They regard the specific 
heat at 20° as unity, and 1:0010 at 15°, 1:0022 at 10° and 10037 
at 5° and the mean between 0° and 100° as 1:0014. These 
data are used in reducing the calorimetric results to the water 
calorie at 20°. Adding 14 to Thomsen’s figures for reduction 
to the calorie at 20° gives 33951. Allowing for the correction 
he made for the interval between 18° and 20° and reducing by 
formula 2, p. 221, Q = Q’+mt — mCpt, in which Q” is 33951 
and ¢#, is 16° and ¢ 18° we have Q = 34031. Schiiller and 
Wartha calibrated. their ice calorimeter in terms of the mean 
specific heat of water between 0° and 100°. Their figures are, 
therefore, multiplied by 10014. Than calibrated his ice calori- 
meter with silver and lead, using Regnault’s specific heats of 
these metals and also with water. His calibration is possibly 
high. Omitting the figures of Dulong, Hess, Grassi and Ber- 
thellot, which are obviously high, the results in the preceding 
table reduced give the figures in the next table for the heat of 
combustion of one gram of hydrogen at constant pressure and 
formation of liquid water at 0° and in terms of the calorie at 
20°. The writer’s result, p. 226, is included. 


pO a ere eee eres 34336 calories. 
Favre and Silbermann .__..._..-.. 34378 és 
| i i ae a ll 5 ae 34031 ¢ 
Schiller and Wartha ___.....-..-- 34009 “ 
MILE. toca hockey obucdeedaascee Ce “ 
EE Cees coke wee cece Se 6 


The first two are evidently high and should not be included 
in the final value. Thomsen’s value is the result of seven 
experiments in which a total of 18 grams of water were formed 
by burning hydrogen at constant pressure. Schiiller and 
Wartha’s value is the mean of five closely accordant experi- 
ments and in each one about 1°3 gram of water was produced. 
They burned electrolytic gases in a Bunsen ice calorimeter, 
weighed the water formed and measured the heat, not with 
the aid of a thermometer, but by the specific heat of water, 
Than’s value is the mean of the result of four experiments in 


* The Electrician, xliii, 775, 1899. 
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which he exploded electrolytic gases in a Bunsen calorimeter. 
His method is good but perhaps more liable to error because of 
the small volume of gas taken, than the methods of Thomsen 
and S.and W. The writer used the bomb method. 

The mean of the last four results in the table is 34023". If 
Thomsen’s and 8. and W.’s be weighted twice the last two, the 
result is essentially the same, namely 34022°. It is highly 
probable that this value is accurate in the third figure and that 
the total error is not more than one-tenth of one per cent. It 
is the mean of closely agreeing results of different investigators 
who used four different methods not subject to the same con- 
stant error, excepting that of the specific heat of water at dif- 
ferent temperatures, and this error is small. This value, 34020 
calories, is the heat of combustion of one gram of hydrogen at 
constant pressure with formation of liquid water at 0° and in 
terms of the calorie at 20°. For a gram-molecule it is 


H=1. H=1:008. 
At 0° 68040° 68580° 
¢¢ 18° 67900° 68440° 


In conclusion the writer desires to express his indebtedness 
to Professors Hastings and Bumstead for their valuable sugges- 
tions and assistance. 
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Art. XXI.— The Determination of Uranium and Uranyl 
Phosphate by the Zine Reductor ; by O. 8. Putman, JR. 


(Contributions from the Kent Chemical Laboratory of Yale University —CXVIII.] 


E. F. KErn* has recently proposed a method for determining 
uranium in which the uranyl salt is reduced to the uranous 
condition by allowing a warm solution of uranyl sulphate to 

ass through a long Jones reductor, made by putting in the 

ottom of a 50™* burette, a layer of broken glass an inch thick, 
and then placing on this an 18-inch column of 20-mesh amal- 
gamated zinc. The sulphate solution, in volume from 100 to 
150™*, and containing free sulphuric acid (1°84) between the 
ratios of 1 to 6 and 1 to 5 to the total solution, was poured 
through the reductor and caught in a large Erlenmeyer flask, 
the titration flask, which was closed by a small funnel and con- 
tained about a gram of dry sodium carbonate. According to 
Kern, the solution, which was quite acid, upon coming in con- 
tact with the dry sodium carbonate liberated carbon dioxide, 
which filled the flask and prevented the oxidation of the ura- 
nous solutions. After all the solution had been emptied into 
the reductor it was followed by about 250™* of distilled water. 
The solution was then diluted to 500™* and titrated with a 
“0-01 normal potassium permanganate solution,” containing 
3°16 grams of the salt per liter, to a faint red end-reaction. 

The time required for 100™ of uranyl solution and 250°™ 
of water to pass through the reductor was about ten minutes ; 
for 150°™* of urany] solution and 250™ of water, about twenty 
minutes. 

From his experiments Kern concluded that the reduction 
went exactly to the uranous stage of oxidation, the reduction 
being in all cases complete and proceeding no further when the 
solutions were twice passed through the column of zine than 
when passed through once. The results obtained were concor- 
dant with those obtained gravimetrically. In making some 
tests of this process my experience has been somewhat differ- 
ent from that of Kern. 

For carrying out the tests an uranium solution containing 
about six grams of uranic oxide per liter was made from urany! 
nitrate which had been purified according to the directions of 
Richards and Merigold.+ Twenty-five cubic centimeters of nitric 
acid were added per liter to keep basic salts from separating 
out. It was standardized in the usual gravimetric way by pre- 
cipitating the uranium by ammonia and weighing it as U,O,,. 

* Jour, Am. Chem. Soc., xxiii, 716. 
+ Proc. Am. Acad., vol. xxxvii, No. 14, p. 385. 
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The potassium permanganate solution, approximately = 


(containing about 3°16 grams of the crystals to the liter), was 
standardized against an exactly = arsenite solution by allow- 


ing a measured amount of the permanganate to act upon an 
acidified solution of potassium iodide (containing enough of the 
salt to hold the iodine set free in solution), the iodine thus set 
free being taken up by adding an excess of the arsenite and 
neutralizing with acid potassium carbonate, the excess of the 
arsenite then being titrated by standard iodine, with starch as 
an indicator. The total amount of arsenite employed, less the 
excess which is indicated by the iodine, corresponds to the 
amount of permanganate taken. 

For each experiment a measured amount of the standard 
uranyl nitrate solution was converted into the sulphate b 
evaporating it with 10° of sulphuric acid (1°84) in a 300™ 
flask, placed in a slanting position on an iron radiator to pre- 
vent any loss by spattering, until dense white fumes were 
formed. The liquid was then cooled, and water and more sul- 
phuric acid were added in sufficient amount to make the 
volume of the solution up to that desired (generally from 100 
to 150°"), and the proportion of the free sulphuric acid to the 
total volume to between the ratios of 1 to5and 1to7. Before 


-passing the solution through the reductor, a small amount of 


warm acid was sent through, and, in order that the proportion 
of the acid in the uranium solution might not be changed by 
the liquid thus left in the reductor, care was taken to have the 
dilute acid of the same strength of acidity as in the uranium 
solution. The warm acid was followed by the uranium solu- 
tion, and this was washed through by a little of the acid and 
by 250°° of hot water. The solution was collected in the 
flask, diluted, and titrated with potassium permanganate. This 
was the general procedure in preparing and treating the ura- 
ninm solution. 

It was found that it required about an hour, instead of ten 
minutes, as Kern said, for 100° of a solution, containing sul- 
phurie acid even in the ratio of 1 to 7, and 250™ of water to 
pass through a reductor prepared exactly according to Kern’s 
directions. The apparatus, therefore, was arranged so that 
suction could be applied, but with suction the carbon dioxide 
generated by a gram of sodium carbonate would be very quickly 
exhausted. In view of this fact, it was thought best to con- 
nect the apparatus with a carbon dioxide generator, to pass a 
current of gas through the apparatus before starting the oper- 
ation, and then after the operation to fill up the partial vacunm 
formed by the suction with carbon dioxide before disconnec- 
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ting the receiving flask and titrating the solution with perman- 

anate. For this purpose there was joined to the stopcock of 
the burette by a rubber connector a straight glass tube running 
down through a three-hole stopper into a receiving flask of 
about a liter capacity. Through the other two holes of the 
stopper passed pieces of glass tubing bent at right angles, of 
which one served for introducing the carbon dioxide and the 
other for applying the suction.* A layer of glass wool about 
5™™" in thickness was placed between the salen glass in the 
bottom of the burette and the column of zine so that any 
particles of zinc might not be drawn into the receiving flask 
by the suction. The results were constantly very high when 
operating in this manner. 

Zimmermannt found that uranous salts are fairly stable in 
the air, an exposure of the dilute solution in a porcelain dish 
for two hours making a difference of only two milligrams and 
a half on 0°1568 grams UO,, and also that the same results were 
obtained whether he poured his reduced solution into a por- 
celain dish, diluted it with water, and titrated it with perman- 
ganate, or poured the reduced solution into a porcelain dish 
containing an excess of permanganate diluted and acidified 
with sulphuric acid, then destroyed the excess of permanganate 
by a slight excess of ferrous sulphate, and finally took the end- 
point with permanganate. 

Since Zimmermann did not find it necessary to keep his 
reduced solution of uranium from exposure to the air, the idea 
occurred that possibly the presence of carbon dioxide, as sug- 
gested by Kern, might be unnecessary. Some experiments 
were therefore tried in which the solution was seek through 
the reductor, caught in a flask in which ng carbon dioxide was 
present, and after dilution was titrated directly in the receiving 
flask with the permanganate. Even this procedure gave posi- 
tive errors, although not so great as when the carbon dioxide 
was present, thus seeming, together with the experiments with 
the carbon dioxide, to point to the fact that the uranyl salts 
were actually reduced below the uranous state by zine and sul- 
phuric acid, and that they tended to oxidize back again when 
exposed to the air. 

t was thought that if the contents of the flask after passing 
the reductor were poured through the air into a porcelain dish, 
any over-reduction might be corrected, and the uranium thus 
brought exactly to the uranous stage. In each of a set of 
experiments performed in this manner it was found that the 
results were sharp and concordant, and the presumption that 
the uranium salt is actually reduced below the uranous stage by 

* Compare figure p. 234. 
+ Ann, Chem, (Liebig), ccxiii, 303. 
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the action of the reductor, and reoxidized on exposure to the 
air seems to be justified. 

The details of the procedure were as follows: The uranium 
sulphate solution, obtained from the standard solution of ura- 
nium nitrate by evaporating with 10™ of strong sulphuric 
acid, as previously described, ranging in volume from 100 to 
150™*, and containing a proportion of free sulphuric acid vary- 
ing between the limits of 1 to 7 and 1 to 5, was heated nearly 
to the boiling point, and, preceded by a few cubic centimeters 
of the same strength of acid, was passed slowly through the 
reductor, using gentle suction. The flask which had contained 
the solution was washed thoroughly with sulphuric acid of the 
same strength as was in the solution. This was added to the 
reductor after the uranium and was followed by 250™ of hot 
water. The contents of the receiving flask were poured into 
a porcelain dish, diluted with about 200° of hot water, and 


: , n , : . 
titrated with a jo Potassium permanganate solution to a faint 


pink end-reaction. 

In most of the determinations the proportion of the free 
sulphuric acid in the solution was kept nearly at 1 to 6, since 
this was found to be the most satisfactory, although the deter- 
minations in which the ratio was between the limits of 1 to 5 
and 1 to 7 gave accurate results. When the ratio was at 1 to 5 
or greater, however, the acid attacked the zine so rapidly that 
there was too great an evolution of hydrogen for convenience, 
so much so that if for any reason the operation had to be inter- 
rupted the rapidity of the evolution caused the solution to rise 
in the tube and to be in danger of flowing over the top of the 
reductor. The ratio of 1 to 7 required more time than that of 
1 to 6. With acid in the ratio of 1 to 6, it was found that 
amounts of uranium sulphate equivalent to 0.2 gram of uranic 
oxide were not reduced completely in eight to ten minutes, so 
that for this amount about fifteen minutes or more should be 
taken for passing the uranium solution and water through the 
reductor. For 0.3 gram of uranic oxide it was found that eighteen 
to twenty minutes were not sufficient for complete reduction, 
so that half an hour or more was allowed for reducing and 
washing with this amount. With the stronger acid, in the 
ratio of 1 to 5, it was found that the uranium could be reduced 
in about two-thirds of the time required by the acid in the 
ratio of 1 to 6, but the use of the weaker acid was preferred 
on account of the rapid evolution of hydrogen and the conse- 
quent danger of loss connected with using the stronger acid, 
as above mentioned. 

In using the reductor for estimating the molybdiec acid in 
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ammonium phospho-molybdate, Blair states that the solution 
should always be kept above the level of the zinc, so that no 
air will pass into the reductor. This precantion was carefully 
observed, for, by the action of nascent hydrogen, hydrogen 
peroxide might be formed, and this would cause high results 
in the process. 

The contents of the receiving flask after the operation were 
of an olive-green color, but upon exposure to the air by pour- 
ing into a porcelain dish the color changed immediately to the 
sea-green color always possessed by uranous salts, aud this 
change of color is of itself evidence of oxidation. In the 
titration of the hot solution of uranous sulphate with perman- 
ganate the solution gradually became more and more of a 
yellowish green color as it approached the highest condition of 
oxidation. With small amounts of uranium the addition of a 
single drop of permanganate in excess caused the whole solu- 
tion to change to a very faint pink color, but with larger 
amounts the solution became a yellowish pink upon adding the 
excess of permanganate, and the end-point was harder to read. 

The results obtained are shown in the table: 


Uranyl 
sulphate Dilution 
taken, in at time Error in 
terms of H.SO, of reduc- terms 
UOs. (1°84). tion. Time, KMnQ,. of UOs. 
grm. em?, em’, minutes. cm*, grm. UQ;. grm. 
0°1336 18 117 15 9°32 0°1334 —0°0002 
0°1337 20 120 15 9°37 0°1341 +0°0004 
0°1336 25 125 17 9°40 0°1345 + 0°0009 
0°2005 18 117 20 14°02 0°2006 +0°0001 
0°2003 25 125 17 14°01 0°2005 +0°0002 
0°2671 23 150 20 18°67 0°2671 +0°0000 
0°2673 20 140 18 18°65 0°2669 —0°0004 
0°1001 25 125 22 706 0:°1010 + 0°0009 
0°1002 20 140 17 7°02 0°1004 +0°0002 
0°1002 20 140 14 7°01 0°1003 +0°0001 
0°0668 18 117 17 4°70 0°0673 -+-0°0005 
0°0994 20 100 16 6°96 0°0995 +0°0001 
0°1988 20 120 -18 13°90 0°1988 +0°0000 
0°1988 25 150 18 13°88 0°1985 —0°0003 
0°3314 25 150 27 23°14 0°3309 —0°0005 
0°3314 ‘30 150 36 23°19 0°3316 + 0°0002 
0°3314 25 145 33 23°17 +0°3313 —0°0001 


Since the uranium, by contact with the air, is oxidized 
exactly to the stage of oxidation represented by UO,, and since 
in a few preliminary experiments carried out in the presence of 
carbon dioxide it apparently remained reduced below that 
stage, it appeared that it might be interesting to investigate 
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that point a little more fully. The apparatus that was used is 
shown in the accompanying figure. 
The same form of apparatus was 
W used in the preliminary experiments 
just mentioned, except that in the 
place of the stoppered funnel there 
was a piece of glass tubing bent at 
right angles. In the process finally 
worked out for the determination of 
the uranium a two-hole stopper was 
used, instead of the one having three 
holes, of which one served for carry- 
ing the inlet tube connected with the 
stopcock of the burette and the other 
for carrying a bent glass tube, by 
which the suction was applied. 

In the experiments carried out with 
this form of the apparatus carbon 
dioxide was passed through the receiv- 
ing flask until, by testing the escaping 
® current with a solution of sodium hy- 
droxide, it was proved that only car- 
bon dioxide was present. The ura- 
nium sulphate solution was then passed through the reductor 
with gentle suction, just as when no carbon dioxide was used, 
and was followed by the dilute sulphuric acid used to wash out 
the flask, 250°* of hot water, and finally by 200™* of water at 
the ordinary temperature of the room, to cool down the solu- 
tion somewhat and to bring up the volume to the dilution at 
which it was ordinarily titrated. A strong current of carbon 
dioxide was then turned on until the partial vacuum caused by 
the suction had been entirely filled, and, by testing again, it 
was found that carbon dioxide entirely filled the flask. An 











nr ° . . 
excess of a lo potassium permanganate solution was next intro- 


duced into the receiving flask by means of the stoppered 
funnel without admitting any air. After the flask had been 
gently shaken so that the permanganate was diffused through 
the liquid, the apparatus was disconnected from the reductor 
and the excess of permanganate destroyed by a small excess of 


‘= solution of ammonium oxalate. . The solution was still 


so warm that it was possible to tell fairly well when an excess 
of the ammonium oxalate had been added. The mixture was 
then heated to about 60° and the final end-point taken with a 


n , ; 
lo potassium permanganate solution. 
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The following results were obtained : 


Uranyl Amount 
sulphate Dilution KMn0O, used of UO; 
taken, at time after deduct- more 
in terms H.SO, of reduc- ing cm’, of than 
of UOs. (1°84). tion. Time, . oxalate. theory. 
grm. cm’, em, minutes. cm*, grm. UQ;, grm. 
0°1336 20 120 13 10°41 0°1490 +0°0154 
0°1337 20 120 17 10°54 + 0°1508 +0°0171 
0°2004 20 ' 120 15 15°71 0°2247 +0°0243 
0°2003 25 125 19 15°68 6°2242 + 0°0239 
0°1002 20 120 18 7°56 0°1081 +0°0079 
0°0668 18 90 18 5°12 0°0732 + 0°0064 
0°2658 25 125 16 20°60 0°2946 +0°0288 
0°2672 20 120 15 21°11 0°3019 +0°0347 
0°1002 18 90 15 8°01 . 0°1145 +0°0143 


In order to be certain that the cause for this apparent over- 
reduction was not partially due to the setting free of oxygen 
during the interaction of the permanganate and the oxalic acid 
in the strongly acid solution of sulphuric acid, it was decided 
to investigate the point. In an article from this laboratory,* 
it is shown that in the presence of 20 per cent of sulphuric 
acid (1:1) there is no appreciable loss of the permanganate at 
the ordinary temperature under an exposure of a few hours 
only. The results, however, were obtained with small volumes 
and at the ordinary room temperature, while in the uranium 
process there was a much larger volume at a temperature of 
from 30° to 40° when the permanganate and oxalic acid were 
added. Some blanks, therefore, were carried out as follows: 
Approximately 550°™* of distilled water were placed in a flask, 
25™* of strong sulphuric acid added, the mixture heated to 


about 40°, and 19™ of a a solution of permanganate run 


: , n , , 
in. A slight excess of a jp #mmonium oxalate solution was 


then added, the mixture warmed to about 60°, and the final 
end-point taken with permanganate. It was found that there 
was no loss of the permanganate, the same results being given 
in this way'as when the ammonium oxalate was diluted to 
600 and after adding 25°™* of sulphuric acid was heated to 
60° and titrated directly with permanganate. 

Since there was no loss between the permanganate and the 
oxalic acid (and there is no other apparent cause for error), the 


* Danner and Gooch, this Journal, vol. xliv (1892), 304. 
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natural inference to be drawn is, that when an uranium sul- 
phate solution is reduced with zine and sulphuric acid out of 
contact with the air, a compound of uranium lower than that 
corresponding to the uranous condition may be formed. Zim- 
mermann* opposed this view, but his mode of operation would 
give this very unstable body the chance to be oxidized back to 
the uranous condition before coming in contact with the per- 
manganate. His method was to pour through the air his 
reduced solution into an excess of permanganate previously 
diluted and acidulated, then to destroy this excess by a slight 
excess of ferrous sulphate, and to titrate the excess of ferrous 
sulphate with more permanganate. Zimmermann, further- 
more, in reducing his solution in a small flask, with a compara- 
tively small amount of zine, did not give the uranyl salt as 
great a chance to be reduced below the uranous stage as is given 
by the greater exposure of zine surface when the solution 
passes through the reductor. As has been shown in the table, 
the results do not run together constantly for the same amounts 
of uranium used, and it appears that the amount of lower oxide 
formed depends upon the manner of action upon the zine, and 
that it is so unstable that the least trace of oxygen may change 
it very materially. In fact, when the olive-green solution is 
poured through the air, the change to the sea-green color of 
the uranous salt is immediate. 

The results establish pretty conclusively that it is not advis- 
able to: pass the solution through the reductor into a flask full 
of carbon dioxide. This would appear to be what Kern tried 
to do by dropping his solution into a funnel, and so into his 
“titration flask,” but during this operation the solution must 
have been exposed to the air enough to oxidize the lower oxide 
to the uranous state (Kern thought that the uranyl sulphate 
was not reduced below uranous sulphate by passing through 
the reductor), and the protection offered afterward by the car- 
bon dioxide generated from a gram of sodium carbonate would 
hardly be significant. The conditions under which Kern oper- 
ated could not be repeated exactly, since the uranium sulphate 
would not, without suction, pass through a reductor consisting 
of an 18-inch column of 20-mesh amalgamated zine set up 
according to directions, in less than five times as long a period 
as Kern’s table called for. When operating, however, as nearly 
as possible according to Kern’s prescription, that is, by gentle 
suction into a flask, no carbon dioxide was needed. In fact, as 
previously stated, high results were obtained. In thinking it 
necessary to have carbon dioxide present because Zimmermann 
poured his reduced uranium solution directly into permanga- 


* Ann. Chem. (Liebig), ecxiii, 302-304. 
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nate in a few experiments, to avoid exposure to the air, Kern 
undoubtedly misunderstood Zimmermann, since the latter ordi- 
narily emptied his reduced solution into a porcelain dish, 
diluted it with water, and then titrated it with permanganate. 
Zimmermann did try some experiments, as previously described, 
by pouring the reduced solution directly into an excess of per- 
manganate, but that was only in the few cases when he was 
trying to prove that the uranyl! salt was not reduced below the 
uranous condition by zine and sulphuric acid. Ordinarily, 
however, Zimmermann’s operation was not conducted in that 
way. 

it would appear, therefore, that Kern labored under a mis- 
apprehension in regard to the use of carbon dioxide in his 
“titration flask,” that the zine employed in his own work must 
have been larger than that which is called for in his directions 
for setting up the reductor, and that his statement is wrong 
that uranyl sulphate is not reduced below the uranous condition 
of oxidation by passing through a long Jones reductor made 
as above described. 

After completing these experiments with carbon dioxide, a 
few trials were made to see whether, by running air through 
the solutions reduced in the ordinary way as worked out for 
the determination of uranium, the solutions would be oxidized 
above the stage represented by UO,. It was found that by 
bubbling air rapidly through the solution for ten minutes it 
was oxidized to an amount equal to about 0°0020 gram of UO, 
for 0°1336 gram UO, used. 

The process, then, for the determination of uranium by the 
reductor depends upon the fact that any reduction of uranium 
lower than uranous oxide—and such reduction undoubtedly 
takes place in the reductor—is corrected by exposure to the 
air, the lower. oxide being rapidly oxidized to exactly the ura- 
nous state, while the uranous salts are stable enough to permit 
of being estimated before they are oxidized. 

Kern also stated, in the same article, that the filtering of a 
precipitate of ammonium uranyl phosphate through a Gooch 
crucible could not be accomplished on account of the fineness 
of the precipitate. In trying to work out a method for deter- 
mining phosphoric acid by precipitating the phosphoric acid in 
the presence of ammonium salts by uranium, filtering off the 
ammonium uranyl phosphate thus obtained, determining the 
uranium in the precipitate according to the method just 
described, and then, from the amount of uranium so found, 
estimating the phosphoric present, much experience was 
obtained in filtering off the precipitate, which, as Kern said, is 
very finely divided and tends to pass through the filter very 
easily. It was found that the precipitate went through two 








238 860. 8. Pulman—Determination of Uranium and 


ashless filter papers (Schleicher & Schiill, No. 589), and also 
that an asbestos felt of ordinary tightness in a Gooch crucible 
would not entirely retain the precipitate. By shaking up the 
flask containing the asbestos, however, allowing it to settle a 
minute and then pouring off the particles still in suspension, 
a very finely-divided asbestos was obtained, which, when poured 
upon the felt made in the ordinary way, was found to give a 
pad of such ee that the filtrate obtained from the ammo- 
nium uranyl! phosphate was perfectly clear. The tightness of 
the felt, however, together with the gelatinous character of the 
precipitate, caused the process of filtering and washing to be 
rather slow. 

The process as worked out for the determination of the phos- 
phoric acid was as follows: A measured amount of a standard 
phosphate solution (containing about 4:7 grams of microcosmic 
salt per liter) was drawn into a beaker, and a mixture of about 
twelve grams of ammonium acetate, formed by neutralizing 
about 10™* of ammonium hydroxide (0°90 sp. gr.) with acetic 
acid (50 per cent), and from 2 to 4%™* of free acetic acid was 
added. The total volume was made up to about 150°’. and 
the solution heated nearly to boiling. The ammonium uranyl 
phosphate was then precipitated by slowly adding an excess of 
uranium nitrate, with stirring, and the precipitate was boiled 
gently for about twenty minutes, allowed to settle, and filtered 
on a tight felt of asbestos. The precipitating beaker and the 
precipitate were washed ivenaiie with a dilute solution of 
ammonium acetate containing a little free acetic acid (to over- 
come the tendency of the precipitate to pass throngh the filter) 
and the crucible containing the precipitate was placed in a 
glass funnel. Enough dilute sulphuric acid, in the ratio of 
1 to 6, was then added to dissolve the precipitate and thor- 
oughly wash out all the soluble uranium salt from the asbestos, 
the solution being caught below as it passed through the cru- 
cible and funnel in the same beaker that was used for tlie pre- 
cipitation. The solution was then made up to a volume of 
from 100 to 150™* with dilute sulphuric acid, in the ratio of 
1 to 6, heated to boiling, and: treated just as has been described 
for a solution of urany] sulphate—that is, a few cubic centi- 
meters of warm dilute frac see acid, in the ratio of 1 to 6, 
were passed through the reductor and were followed by the 
uranium solution, a few cubic centimeters more of the dilute 
sulphuric acid, and 250°™* of hot water. The contents of the 
flask were then poured into a porcelain dish, diluted with 


200° of hot water, and titrated with a = solution of potas- 


sium permanganate to a faint pink end-reaction. 
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The results obtained are shown in the following table : 


UO; 
corre- Dilu- 
spond- tion 
ing to at re- 
P.O; P.0; H.SO, duc- UO; Error on Error on 
taken. taken. (1°84). tion. KMnQ,. found. UOs. P,O;. 
grm. grm. em*®, cm, em’, grm. grm. grm, 
0-040 0°163 25 150 11°06 0°1632 +0°0002 + 0°00005 
0°0404 0°1630 25 150 11°03 0O°'1628 —0°0002 —0°00005 
0°0226 0°0912 20 120 6°14 0°0906 —0°0006 —0°00015 
0°0226 0°0912 20 120 617 00911 —0°0001 — 000002 
0°0719 0°2902 25 150 19.62 0.2896 —0-°0006 —0°00015 
00719 0°2902 25 150 19°61 0°2894 —0°0008 —0°00020 


The results are all that can be desired as far as accuracy is 
concerned. The only objection to the process is that the filter- 
ing and washing of the precipitate are apt to be slow, espe- 
cially when large amounts of the material are being treated. 

In conclusion the author wishes to thank Professor F. A. 
Gooch for many helpful suggestions given during the course 
of this work. 
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Art. XXII.— Certain River Terraces of the Klamath Region, 
California ; By Oscar H. Hersuey. 


Remnants of terraces occur in all the principal valleys of 
the Klamath Mountains. Heretofore, the writer has not con- 
sidered them of any particular significance as they appeared 
not to constitute a definite system. In the down-cutting of 
the deep Pleistocene valleys, remnants of the old valley floor 
were left at various levels above the present streams and do 
not necessarily indicate an uplift of the region by stages. On 
a recent trip between the coast at Humboldt Bay and the high 
mountains near the head of the South Fork of Salmon River, 
the writer had: the opportunity of observing a more definite 
system of river terraces than are developed farther east in the 
Klamath region and they seem to tell a story worthy of con- 
sideration, especially through its bearing on the problem of the 
cause of glaciation of the high mountains. 

These terraces are situated on the Trinity River below the 
mouth of New River, on the Klamath River below the mouth 
of Salmon River, and on the Salmon River and its South 
Fork as far up as Summerville. These streams in this region 
flow in Pleistocene cafions which have an average depth of 
3,000 feet. They are trenched into comparatively resistant 
metamorphic rocks such as schists and slates, intruded by 
batholites and dikes of gabbro, diabase, diorite and allied 
igneous rocks. There is considerable diversity in the resistant 
properties of the different formations and in consequence the 
cafions vary greatly in width. Throughout the greater portion 
of their courses they are extremely narrow at the bottom, 
usuaily no wider than the streams, and for miles in places are 
practically impassable except high up on the slopes. The 
rivers-are superimposed on the structure and traverse indiffer- 
ently hard and soft belts. The downward progression of the 
valley floor is controlled by the rate of erosion of the hard 
rock barriers in the gorges. In the soft belts, the streams 
exert their energies on the walls of the valley rather than its 
floor and excavate small basin-like valleys with fiat floors from 
ten to twenty-five times as wide as the gorges in the hard rocks. 

Through the gorges the streams flow straight and swift and 
hurry along the gravel and boulders. In the basins, the streams 
until recently wound about in meanders, here and there touch- 
ing and undermining the valley walls. The gravel carried 
out of the gorges was spread over the flat floors of the basins 
in sheets from 5 to 20 feet in depth, constituting ordinary 
gravelly alluvial plains. As the rock barriers in the gorges 
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were eroded, the basin floors were cut down, remnants of the 
alluvial plains left as terraces, and a new gravel plain formed. 
That is the explanation of the terraces but it is not by any 
means the whole of the story. 

The terraces are confined almost exclusively to the basins. 
The system is chiefly developed below a height of three or four 
hundred feet above the streams. Occasional alluvial remnants 
occur higher but there is nothing definite about them. Three 
fairly persistent levels may be traced out in the different basins, 
although intermediate terraces are occasionally detected. The 
lower is the most prominent, stands from 20 to 75 feet above 
the present streams at low water, and in reality forms the flat 
floor of the basins. After a terrace level is abandoned by the 
streams, the rock debris from the neighboring steep mountain 
slopes works down and builds up talus deposits, giving the 
older terraces a sloping surface. Hydraulic mining demon- 
strates that the river deposits extend to the inner edge of the 
terraces under the talus debris. The lower terrace level has 
been abandoned so recently that talus deposits and alluvial fans 
on it are not conspicuous, so that its evenness of surface is a 
marked feature. 

Above Hawkin’s Bar, the Trinity River issues from a gorge 
cut largely in gabbro, and enters upon a belt of Bragdon slate, 
the least resistant of all the pre-Cretaceous formations of the 
Klamath region, and has eroded in it a valley from one-fourth to 
over one-half mile in width. The stream now flows in a nar- 
row cafion trenched from 50 to 75 feet below the flat valley 
floor. The walls of the cafion consist of highly inclined slates 
capped by gravel. 

rom the mouth of Willow Creek to Waterman, three miles, 
the valley is wide and the terrace system well dev eloped. 
Several hills of rock rise like islands, centrally on the valley 
floor. The stream flows in its usual very narrow cafion trenched 
30 to 40 feet below the lower terrace which forms the flat 
valley floor. 

The river passes out of the Bragdon slate belt, for several 
miles traverses a narrow gorge and then returns to the slate 
belt and enters Hoopa valley. This is about seven miles in 
length and one mile in average width. Its altitude is about 
350 feet above sea level.* The floor is even enough to consti- 
tute a fine body of agriculturai land. The river traverses it 
in a meandering course, touching each side alternately, but the 
meanders are trenched 20 to 30 feet below the flat valley floor. 

* Altitudes given in this paper are derived largely from aneroid deter- 
minations by J. S. Diller. The figures of the height of terraces are mainly 


estimates drawn from memory, but are sufficiently accurate not to vitiate the 
arguments. 
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The tiny cafion is no wider than the stream.and is cut into the 
rock below the gravel. The valley also preserves splendid 
remnants of the higher terraces - to several hundred feet, 
especially at the upper end where there is a beautiful display 
of three sharp terraces, each a rock bench capped with gravel. 
Opposite the village of Hoopa, each side of the valley has a 
well marked remnant of the principal upper terrace, several 
hundred feet above the stream and other remnants indicate 
strongly that at that level the valley once had a flat floor of 
similar shape and size as the present. 

At the lower end of Hoopa valley, the river leaves the 
Bragdon slate belt and to its mouth traverses a gorge in Paleo- 
zoic schists. In ascending the Klamath River from Weitchpec, 
traces of the terrace system are observed in the cafion at 
various places, particularly at the mouths of Bluff and Red 
Cap Creeks, but there is no prominent development of them 
until Orleans is reached. Here for several miles the river is 
traversing a comparatively soft belt of schist and has eroded a 
basin over one-fourth mile in average width, the slopes of 
which are finely terraced. The broad lower terrace, on which 
is built the village of Orleans, is the valley floor proper and 
has a level about 30 feet above the ordinary stage of the river. 
The stream flows through the basin in a rock cafion no wider 
than the river. Gravel-eapped rock benches rise behind each 
other to a level of 400 or 500 feet above the river and are 
extensively mined. The main one at several hundred feet 
seems to correspond in degree of preservation with the main 
upper terrace on the Trinity River. The altitude of Orleans 
is nearly 800 feet. 

Continuing up the Klamath River and then up the Salmon 
River traces of the terrace system are encountered at many 
places in the cafion, particularly at the mouths of tributary 
streams, but there is no pronounced development of them 
until Nordheimer is reached. From here to the Forks of 
Salmon, the valley is wide enough to have a well-marked flat 
bottom, which is traversed by the river in a narrow rock cafion 
cut down from 30 to 60 feet. ' Discontinuous remnants of the 
higher terraces up to several hundred feet are present all along 
the river for many miles. The altitude of the river at the 
Forks of Salmon is about 1700 feet. 

Up the South Fork of Salmon River, traces of the lower 
terrace are hardly anywhere absent, except in a few of the 
narrowest gorges. Wherever the rocks are soft this lower 
terrace spreads out to a broad, flat gravel bar, always elevated 
above the present river level. It is well developed at Cecil- 
ville, altitude about 2650 feet, where the village is built on it. 
The present cafion has a depth of about 25 feet and its usual 

















O. H. Hershey—River Terraces of California. 248 


extreme narrowness. At several points from here upstream 
there are in the small cafion, where the rock is excessively 
soft, traces of a lower terrace whose rock floor is usually 5 to 
10 feet above the stream. They are indefinite, are due to a 
shifting of the stream meanders and do not necessarily indicate 
renewed uplift. From Cecilville downstream they are weakly 
developed at a number of points, but nowhere are conspicuous 
and wiil be ignored in the following discussion. 

In the vicinity of the old town-site of Petersburg, several 
miles above Cecilville, the river was able to excavate a basin 
in the area of the Salmon hornblende schist because of its local 
shearing and partial alteration into chlorite schist. Here the 
terrace system is typically developed with three main levels, 
the lower trenched by the river to a depth of 30 to 40 feet. 
The lower terrace may be traced through the next gorge 
upstream. At its level there is a slight bench with gravel 
deposits along both sides of the gorge, and the present cafion, 
with nearly perpendicular rock walls, has a depth below them 
of 30 to 50 feet. This leads us into the Summerville basin, 
excavated largely into an area of non-resistant granite. 

The altitude of the river at Summerville is about 3100 feet 
above the sea. It flows in a rather wide cafion (because the 
rock is unusually soft), and 30 to 40 feet deep. From its 
edges, before mining operations were begun, a gravel terrace 
extended back several hundred feet .and then the basin floor 
rose in successive benches to a level of 300 feet above the 
stream. Indeed, the entire terrace system was developed here 
in unmistakable form. This is the farthest point up the 
river at which it reaches a prominent development, as above 
here the rocks are nearly uniformly hard, the cafion narrow, 
and the stream very high grade. Glacial deposits occur 
within five miles upstream. Within the cafion at many points 
there are benches, by which the terrace system may be traced 
into connection with the glacial series. This has been done. 
However, it deserves treatment as a separate subject, bat some 
of the conclusions will be used in this paper. 

The most important features described in the preceding 
paragraphs are, that each basin throughout the area discussed 
contains a broad, flat, gravel floor, and that the streams no 
longer flow at this level, but in a tiny cafion trenched mostly 
from 30 to 50 feet beneath it into the hard rock below. The 
contrast between the broad valley floor and the narrow cafion 
winding about in it is extremely prominent and certainly 
indicates a change of conditions. The size of the cafions 
relative to that of the streams is everywhere so nearly alike as 
to point indubitably to a like age for the flat valley floor in 
each basin. Now, the development of the flat valley floor 
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required a long period of comparative stability during which 
down-cutting in the basins was practically nothing and the 
streams devoted their attention to widening their valleys. 
The streams were low grade, at least in the basins, and had 
meandering courses. Suddenly conditions changed and the 
streams universally in this area began to trench the valley 
floor, in many cases retaining the meandering courses. Several 
hypotheses as to the nature of this change in conditions will 
be examined briefl 

1. That the down- -cutting of the barriers in the gorges was 
intermittent because of some peculiarity in their structure. 
This position is untenable. The hypothesis would be worthy 
of serious consideration if the strata were at a low angle and 
hard and soft layers alternated. The strata throughout the 
region are practically vertical and the igneous rocks rise 
vertically through them. Each barrier belt is essentially 
uniform in structure and resistant properties in-any given 500 
feet of depth. All other conditions remaining equal, the 
down-cutting in the gorges will be practically uniform and the 
lowering of the basin floors equally as regular. The tiny 
cafions in the basins are rarely any wider than the streams. 
Down-cutting in the gorges must proceed as rapidly as in 
these cafions in the basins. There is not nearly the contrast 
in the size of the cafions in the basins and the equivalent 
portion of the gorges, as between the broad valleys and their 
equivalent portion of the gorges. In this I see evidence that 
the broad valley floors are not due solely to the barriers, but 
to the barriers in combination with a past general low-grade 
condition of the main streams of the entire area. Further it 
appears evident that the down-cutting from the level of each 
main terrace, and especially from the last, was due to causes 
independent of the structure of the barriers. 

2. In some regions, particularly those of semi-arid climatic 
conditions, an increased and better distributed rainfall some- 
times causes a dissection of alluvial plains. In this region 
ee is now, and apparently always has been abundant. 

he streams have been able to remove the rock debris to the 
sea about as fast as weathering produced it, so that it nowhere 
accumulated to great depth. Therefore, widening of the 
valleys occurred only under low-grade conditions of the main 
streams. Suddenly increased rainfall would hardly result 
in dissection, but rather, for a time at least, in aggradation. I 
am going to connect the lower terrace with the later stages of 
glaciation in the high mountains, and on the generally 
accepted principle that the Glacial Period was one of excessive 
precipitation, we must presume that the rainfall is now less 
than when the broad valley floors were formed. 
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3. That decreased rainfall caused the erosion of the tiny 

cafions has in its favor the probability as derived from other 
sources of such a lessening in the precipitation during their 
development, but hardly explains the sudden trenching with- 
out even destroying the meanders. Further, a lessened preci- 
pitation would yield smaller streams which would be less able 
to carry away the products of weathering and would reach a 
stable grade with a higher angle of slope and aggradation 
would result. 
_ 4, That the tiny cafions are the result of a general uplift, 
without tilting, of the entire region is vitally defective for the 
reason that dissection should begin at the coast line and 
advance inland. The cafions would be older and consequently 
larger near the sea than far up on the streams. Now, it is a 
characteristic of these cafions that they are equally developed 
proportionate to the streams far up on Salmon River as low 
down on the Trinity and Klamath Rivers. The recency of the 
beginning of the cafion erosion low down on the streams as 
clearly » ool by their small size, implies that with uplift 
without tilting, in order to abrade the stream-bed at all, there 
should be such an increase of grade near the coast that the 
cafions would soon run out and the middle and upper courses 
of the streams retain their low-grade condition. 

5. The hypothesis which I can unreservedly accept, is that 
along with general uplift there has been a tilting of the region 
toward the coast. The main rivers have been converted from 
low-grade to high-grade streams. They began to erode their 
beds at the same time throughout the area and the cafions 
resulting are everywhere approximately equal. The present 
high-grade character of the streams is evident. They flow 
swiftly in the cafions within the basins as well as in the gorges. 
They move considerable bowlders with ease and there is little 
more tendency for the debris to lodge in the cafions in the 
basins than in the gorges. The bottoms of these cafions will 
be reduced far below their present level before the energy of 
the streams will be largely devoted to widening of the basins 
as it once was. Indeed, I am of the impression that this uplift 
and tilting of the region was one of the most pronounced 
which has effected it in Quaternary time, but has been so recent 
that its products are yet insignificant and likely to be over- 
looked. 

In the absence of accurate surveys, distances on these rivers 
may be roughly determined by the trails. The Klamath River 
at Weitchpec, about 45 miles from the sea, has an altitude of 
searcely 300 feet. Taking this point as a base, the Salmon 
and Klamath Rivers fall from Summerville to Weitchpec (a 
distance of about 80 miles), 2,800 feet or 35 feet per mile. 
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The upper Trinity River between Trinity Center and Bragdon 
falls about 10 feet per mile. This is so nearly astable grade for 
that stream that it has not in recent times materially trenched 
the floor of its comparatively broad valley, but, on the contrary, 
it is able to build alluvial plains of coarse gravel which it floods 
nearly every year. This portion of the Trinity River is a 
larger stream than the Salmon River above Forks of Salmon, 
and a smaller stream than the Klamath River from the mouth 
of the Salmon River to Weitchpec, but it is about the equiva- 
lent of the average of those two streams. It is encumbered 
with gravel of similar coarseness to that on the Salmon and 
Klamath Rivers. I wish to derive from this comparison the 
suggestion that while the streams were forming the flat valley 
floor in the basins, the fall from Summerville to Weitchpec 
was probably no greater than 10 feet per mile. Indeed, on the 
lower Trinity where the tiny cafion is well developed, the fall 
now scarcely exceeds that amount and at the time of the 
development of the broad valley floor must have been consider- 
ably less. 

The difference between the theoretical 10 feet per mile and 
the present fall of 35 feet per mile or 25 feet per mile, may be 
the differential amount of the uplift, which would mean an 
absolute elevation of the Summerville basin exceeding 2,000 
feet (which, in reality, is probably a minimum). This implies 
that the central portion of the Klamath region, particularly 
that area which is occupied by the high mountains which were 
once extensively glaciated, has suffered an elevation relative to 
the present coast-line, late in the Quaternary Era, of several 
thousand feet. 

The higher terraces seem also to indicate uplift, but not of 
such a pronounced differential character, as a stable grade was 
resumed without great depth of cutting. This series of dis- 
turbances occurred within the last one-fifth and probably the 
last one-tenth of the Quaternary Era. Similar uplifts may 
have occurred earlier in the era, but their effects inland have 
been mostly destroyed. 

The terrace system is developed on Redwood Creek and on 
the lower Mad River, where it connects with the lower marine 
terraces along the coast. Opposite Korbel the flat-topped hills 
mark the floor of an ancient valley a number of miles wide, as 
described by Mr. J.S. Diller.* It is traceable as the principal 
upper terrace to the mouth of the valley where the latter 
enters on the lowland of the Humboldt Bay region. The river 
has trenched it to the depth of several hundred feet, excavat- 
ing a broad valley in soft Tertiary strata but a narrow gorge 


*** Topographic Development of the Klamath Mountains.” U.S. Geol. 
Sur. Bull., No. 196, p. 54. 
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in the hard Franciscan sandstone just below Korbel. The 
degree of preservation of this terrace, and its relation to lower 
terraces in the same valley, constrain me to consider it practi- 
cally the equivalent of the main upper terrace (that occurring 
so persistently at several hundred feet above the streams) on 
the Trinity, Klamath and Salmon Rivers. The Mad River 
terrace seems to slope toward the sea at a rate which was 
certainly not original. It may connect with a marine terrace 
back of Eureka. 

Near Bay View station, on the railway between Eureka and 
Arcata, there is a much eroded terrace rising probably 75 or 
100 feet above the bay. An extensive railway cutting exposes 
false-bedded brown sand and silt, evidently marine. This 
terrace I consider the equivalent of one of the upper river 
terraces inland. It is developed in the town of Arcata where 
it consists largely of a yellowish, non-pebbly silt resembling 
weathered loess. North of Arcata there is developed a lower 
terrace which consists of a bed of irregularly stratified gravel 
overlaid by silt. Its outer edge rises probably 15 to 20 feet 
above the Humboldt Bay lowland or alluvial plain. This 
terrace I correlate with the lower terrace (the broad valley 
floors) of the Trinity, Klamath and Salmon Rivers. The town 
of Eureka is largely built on a low, flat terrace of brown sand, 
whose outer edge rises probably 15 to 20 feet above the bay 
and may be of the same age as the lower river terrace inland. 

The main upper terrace, occurring so persistently at several 
hundred feet above the Trinity, Klamath and Salmon Rivers 
in the area herein discussed, seems to be approximately of the 
age of the Red Bluff formation. The cafions excavated by the 
Sacramento River and Clear Creek since the uplift of the Red 
Bluff formation, are fairly comparable with those eroded on 
the western slope of the Klamath Mountains since the streams 
began to cut below the main upper terrace. I should say that 
throughout the Klamath region the post-Red Bluff erosion 
nowhere exceeded a depth of 500 feet, unless in a few limited 
areas which were exceptionally tilted, areas which have not 
yet come to light. It has been prevailingly from 200 to 300 feet 
in depth, reaching 400 feet locally. The post-Red Bluff 
erosion constitutes at least the last one-fifth and probably the 
last one-tenth of the erosion of the Sierran or Pleistocene 
cafions. 

The low terrace at Eureka and the low gravel terrace at 
Areata I attribute to the San Pedran subsidence which seems 
to have been quite persistent along the coast of California. 
The development of the broad valley floor, constituting the 
lower terrace on the Trinity, Klamath and Salmon Rivers, I 








248 8 O. H. Hershey—River Terraces of California. 


also consider to have been approximately San Pedran in age. 
At the close of the San Pedran epoch there seems to have 
been a land disturbance practically co-extensive with the State. 
The coast line and Great Valley were slightly uplifted and 
some of the main mountain masses, as the Klamath, were dis- 
tinctly bowed. In the incoherent strata of the Great Valley, 
broad, shallow cafion-shaped valleys were excavated, but in the 
hard rocks of the Klamath region tiny caiions were eroded. 
With the exception of a more recent local subsidence on the 
coast and west of the center of the Great Valley, this first 
post-San Pedran orogenic activity is the last of which we have 
any record in California. 

After studying the small present cafion of the lower Trinity, 
Klamath and Salmon Rivers as far up as Summerville, one is 
able to arrive at a fairly definite conclusion as to what would 
be the character and amount of the erosion of the same period 
in the glaciated valleys had not glaciation intervened to com- 
plicate matters. Recently the writer has recognized evidence 
of glacial deposits earlier in age than those usually described 
from the California mountains. Part of the evidence of age 
consists of certain rock gorges on Coffee Creek and the South 
Fork of Salmon River. Higher in the glaciated valleys are 
much smaller rock gorges (tiny cafions) which have been eroded 
practically since the complete disappearance of the Quaternary 
glaciers. It is not possible at the present time to accurately 
fix upon the time relation of the erosion of the cafion from 
Summerville downstream and the different stages of the gla- 
ciation. But comparison, and the connection by direct tracing 
of one of the upper terraces in the Summerville basin with 
the product of one of the earlier stages of the glaciation, 
make it fairly certain that the inception of the cafion cutting 
from Summerville downstream considerably antedated the 
close of the glaciation, but certainly did not occur earlier than 
its beginning. If there were no inter-glacial stages, the uplift 
which inaugurated the last cafion cutting from Summerville 
downstream, was contemporary with some stage of the glacia- 
tion, probably a later one. At any rate, it is safe to assert 
that the uplift did not occur before the beginning of glaciation 
and apparently has not occurred since its close. 

The axis of deformation or line of greatest elevation, is 
somewhere centrally situated between Summerville in the 
Salmon River valley and Trinity Center in the upper Trinity 
valley. Between these points is the group of high mountains 
which were most extensively glaciated. These mountains 
apparently rose to the extent of between 2,000 and 3,000 feet 
at some time between the beginning and close of the glacia- 

















O. H. Hershey—River Terraces of California. 249 


tion. The elevation may have contributed to the glaciation, 
but to accepting it as the sole cause of the glaciation there is 
one serious objection. That is that the glaciated areas in these 
mountains are now probably as high above sea-level as they 
ever have been, yet the existing glaciers, three in number, are 
insignificant. 

The supposed submerged river valleys in the border of the 
continental plateau off the coast of California have been 
accepted by .certain writers as evidence of a former much 
higher elevation of the California mountains, a probable cause 
of Quaternary glaciation. For some time, the writer has 
doubted the pertinence of the argument. In the first place, 
it, is not certain, as pointed out by “Lawson,* that all or any of 
these long, narrow depressions are ‘submerged valleys of erosion. 
But, accepting the general opinion that they are such, it is not 
certain that they were eroded as late as any part of the Glacial 
Period. Further, it is not certain that they indicate an uplift 
of the mountains of California above their present altitudes. 

Tlie sub-marine border of the continental plateau west of 
the Klamath region was depressed, not by a general epeirogenic 
subsidence but by a sea-ward tilting of the land. Such differ- 
ential movements of this region have characterized it through- 
out the late Tertiary and Quaternary times, an opinion fully 
accepted and enlarged on by Mr. Diller in the paper before 
cited. The land has been swinging on an axis approximately 
corresponding to the present shore-line. By its not exactly 
coinciding with the present shore-line have been produced the 
various elevations and subsidences along the coast. But west 
of this axis the dominating movements were depressions, sink- 
ing the plateau border deeper and deeper beneath the sea. 
East of the axis we have evidence chiefly of a succession of 
differential uplifts. The supposed submerged river valleys off 
shore are probably an extension of the upper portion of the deep 
Pleistocene cafions. They were first submerged by a sea-ward 
tilting of the country long before the earliest glaciation of 
which we have any record in the California mountains. This 
statement I base on the fact that, since the submergence, the 
sea near the present shore-line has cut away so much of the 
land as that it must have been at work long before the earliest 
glaciation in the California mountains. The larger topo- 
graphic features of the ge coast line had been developed 
before the close of the Red Bluff epoch: The present coast 
line yields no evidence whatever of a marked elevation above 
the present at any time as late as the Red Bluff epoch. 

In short, it is in the submergence and not the erosion of the 


* Bull. Dept. Geol., Univ. Calif., vol. i, pp. 57-59. 








250 O. H. Hershey—River Terraces of California. 


supposed sub-marine river channels that I see corroborate 
evidence of elevation inland. Each tilting to which is due 
the river terraces described in this paper, served only the more 
effectually to depress the drowned valleys. Even the recent 
drowning of the mouths of the modern rivers west-of the 
Klamath region tells the story of tilting, as the tide runs up 
them only a few miles. 

The writer long accepted elevation as the direct cause of the 
great Quaternary glaciations, but that theory of late has seemed 
very questionable. The uplifts and the glaciations should 
connect more closely than they do. Further, the disappear- 
ance of the glaciers should have been brought about by depres- 
sion of the tnd In the Klamath region, the glaciated val- 
leys, as already mentioned, appear to be at present as high 
above sea-level as they were at any time during the Glacial 
Period ; therefore, the theory of elevation as the sole cause of 
glaciation seems inadequate. 


Berkeley, California. 
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Art. XXIII.—TZhe Occurrence of the Texas Mercury Min- 
erals; by Bens. F. Hirt. 


Tue mercury deposits of Terlingua, Brewster County, 
Texas,* are found in both the Upper and Lower Cretaceous 
rocks, which in this locality are exposed in a section of more 
than two thousand feet. In general the Lower Cretaceous is 
made up of heavy thick-bedded limestones that are practically 
free from foreign material. The Upper Series, however, is 
composed largely of thin-bedded marls, shales and impure lime- 
stone with extensive clay beds. Both series are cut in many 
places by old rocks, plugs and dikes of volcanic material, 
the most common type of which are phonolite, andesite, and 
basalt. The ore deposits are invariably within a short dis- 
tance of these igneous manifestations. 

The deposits of the Lower Cretaceous, which in the present 
stage of development are the most, important, occur in a variety 
of forms in the Edwards and Washita limestones. The most 
common method of occurrence is in decomposed and brecciated 
zones in the limestone. These zones are in many instances 
contiguous to fissure veins, and it is probable that the ore-bear- 
ing solutions were let into the broken and therefore receptive 
zones through these channels. 

The fissures themselves often carry ore. They are invariably 
calcite-filled. In no case in the whole Terlingua district have 
quartz crystals in association with the ore been observed. 
Besides the calcite are gypsum, iron oxides, manganese, and in 
some localities much aragonite. 

The principal mercury-yielding mineral is cinnabar, which 
occurs in a number of forms. Beautiful crystals of a ruby 
red color, often three-quarters of an inch long, have been 
found, intimately associated with calcite and native mercury. 
The crystals are usually acicular prismatic, but at times have a 
tabular habit, the prismatic condition being found only in 
association with the calcite. Large quantities of cinnabar that 
is crystalline occurs in granular masses, often of a large size. 
These masses show distinct grains and under the microscope 
exhibit crystal faces. The color of these granular aggregates 
varies from bright vermilion to dark reddish-brown. The cin- 
nabar occurs also in large amorphous masses which present the 
same variation in color as do the granular masses. 

The native quicksilver is present in a number of openings 
in the field, sometimes in considerable quantities. It is 

* Bulletin 4 of University of Texas Mineral Survey, Terlingua Quicksilver 
Deposits of Brewster Co., by B. F. Hill. 
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generally intimately mixed with crystalline masses of calcite, 
occurring in the interstices between them in the form of 
globules. Some of these cavities have yielded over twenty 
pounds of the native metal. This metal is also present’ in 
the clay fillings of seams and in one instance in a close-grained 
cream-colored limestone. 

Calomel, which is present in small quantities, is found in 
crystalline masses with practically the same association as the 
native mercury. The calomel has generally a few crystals of 
“ terlinguaite” associated with it. 

The new minerals eglestonite and montroydite, described by 
Prof. Moses from material sent to him by the writer, have 
been found in only one locality, which was a vugg in a calcite 
vein. The material was associated with considerable native 
mercury and what is locally known as amalgam, a mixture of 
cinnabar and native mercury. Here also was found the 
crystallized terlinguaite described in the following paper. 

The deposits in the Upper Cretaceous are found in veins in 
the Eagle Ford shales. The ore is not associated with calcite 
to such an extent as is that of the Lower Cretaceous. The 
veins are of the fissure type and are filled with clay and 
gypsum, with subordinate quantities of iron oxides and calcite. 
A considerable quantity of iron pyrites occurs with the ore, in 
this respect furnishing a contrast to the deposits of the Lower 
Cretaceous. 

The only mercury minerals found in the Upper Cretaceous 
are cinnabar and native mercury. 
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Art. XXIV.—£glestonite, Terlinguaite and Montroydite, New 
Mercury Minerals from Terlingua, Texas; by Arrep J. 
Moss. 


1. Lglestonite, an Isometric Oxychloride of Mercury. 


Tue most abundant material in the specimens received from 
Mr. B. F. Hill so resembled minute crystals of sphalerite that 
the first test made was for a zinc coating. The material 
occurs, so far as observed, only as crystals which rarely exceed 
one millimeter in diameter and are sometimes isolated and at 
other times united loosely in a crust which readily crumbles 
under pressure into separate well developed crystals, evidently 
isometric and with the dodecahedron the predominating form. 
The associated minerals are the later described terlinguaite 
and montroydite, calomel, native mercury and calcite. 

Crystalline Form of Lglestonite.— 
The crystals are usually sharply and 
beautifully developed, but in some speci- 
mens are pitted and the cavities filled 
with metallic mercury. The system is 
isometric and the class hexoctahedral. 
With the two-circle goniometer the forms 
identified were a {100}; d {110} m $112} 
and s {123} as shown in fig. 1. The 
dodecahedral planes are the largest. 

The following table gives the angles 
obtained from twenty-nine faces on one-half of a crystal, one 
mm. in diameter. The calculated angles are also given. 








Faces C1) p 
Reflect- - —- ~ , — 
Form. ing. Measured. Calculated. Measured. Calculated. 
§ 001 1 0° 
{ 010 4 0° 90° 
a} 110 f 45° OF’ 45° 90° 
oll 4 0° 0° 44° 58’ 45° 
n} 112 4 45° 02’ 45° 35°17’ 35° 16’ 
121 7 26° 30’ 26° 34’ 65° 50’ 65° 54’ 
123 2 26° 32’ 26° 34’ 36° 454’ = 36° 492’ 
84132 2 18° 264’ 18° 26’ 57° 40’ 57° 41' 
231 1 33° 35’ 33° 41’ 74° 29’ 74° 30’ 


Chemical Analysis of glestonite—The analyses here 
recorded were made by Mr. J. S. McCord, Assistant in Miner- 
alogy at Columbia University. The method used was chosen 
after an attempt to obtain an electrolytic determination of the 
mercury by dissolving -2465 gms. of very carefully picked mate- 
rial in nitro-hydrochloriec acid, precipitating as sulphide and 
dissolving in Rot solution of sodium sulphide. This solution 
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in a dish of platinum was subjected for five hours to a current 
of about two volts. Two separate weighings of the dish and 
mercury showed a loss between the times of weighing corre- 
sponding to over two per cent. (0055 gms.). It was therefore 
decided that with the large dish surface and the small amount 
of available material the method was not safe. 

By trial Mr. McCord found that in a narrow closed tube of 
hard glass 75"" by 6™™ external diameter and with low red 
heat, mercuric chloride volatilized and was redeposited with a 
loss of less than two-tenths of one per cent. Mercuric oxide 
yielded metallic mercury with a loss almost exactly that of the 
oxygen. 

Analyses I and II were therefore made by heating carefully 
picked ‘erystals in such a weighed tube and determining the 
leas which in the proved absence of water and carbonie acid 
was assumed to be oxygen. The sublimates of mercury and 
chloride of mereury were then dissolved from the tube by 
nitrie acid, the chloriue determined as silver chloride and the 
difference between the weight of the chlorine and the weight 
of the sublimates was taken as mercury. 

In analyses III, IV and V the method was varied. The 
weighed powdered crystals were mixed with dried soda free 
from chlorine and heated in one of the closed tubes described 
until the mass was bright red and all sublimate had been driven 
clear of the fused mass. When cool the tube was cut just 
above the fused mass and the piece containing the sublimate 
carefully weighed. The sublimate was then dissolved in nitric 
acid and the dried tube again weighed. The difference was 
mercury. For safety the solution was tested for chlorine and 
in one analysis a small amount was found and added to the 
rest. 

From the other piece of the cut tube the soda fusion was 
dissolved in hot water acidified with nitric acid and the chlo- 
rine determined as silver chloride. Each sample was sepa- 
rately picked. 


8 II. III. IV. V. 
Grams taken... .--- 0768 ‘0618 ‘2048 ‘1404 +1097 
oer emteneee ... BRR OFb nncks ose tees 
id chlorine... 8°72 7°24 781 7°68 8°20 


” mercury -. 88°67 90°45 90°72 88°25 89°70 


The average of these determinations corresponds closely to 
the empirical formula Hg,Cl,O,,. 


Percentages Percentages Group 
in HgeClsO2. by analysis. proportion. 
eee 2°391 2°43 + 15°88 °1530 or 2°036 





See 7°946 7°93 + 35°18 = °2254 “ 3-000 
ae 89°666 89°56 + 198°49 = °4512 * 6005 
100°003 99°92 
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Other Characters of Eglestonite-—Luster, brilliant adaman- 
tine to resinous. Color, varying between brownish yellow 
and yellowish brown but darkening quickly on exposure to 
sunlight and becoming nearly black but retaining a high 
luster. In powder, greenish yellow to canary yellow, becom- 
ing quickly green and finally black on exposure to light. 
Transparent if smooth-faced. Brittle and without observed 
cleavage. Hardness between 2 and 3. Specific gravity by 
direct weight of two carefully picked samples 8°327, as follows: 


I. II, 
Grams taken _...__.-- 2576 "4548 
Loss in water. ....-..-- ‘0310 0545 
Specific gravity ....-- 8°309 8°345 


Heated on charcoal, volatilizes completely without fusion 
and forms a slight grayish sublimate. 

Heated in the closed tube, decrepitates, becomes orange-red, 
evolves dense white fumes and deposits a white non-crystalline 
sublimate which is slightly yellow hot, drives without fusing, 
is soluble in nitric acid and gives the chlorine tests with cop- 
per oxide. Later the orange-red residue volatilizes completely, 
forming a mercury mirror beyond the ring of chloride. 

In dilute nitrie acid the crystals become opaque and pinkish 
white but retain their shape and there is a visible formation of 
metallic mercury. On heating, the mercury dissolves with 
effervescence and the pinkish white residue is also slowly but 
completely dissolved. 

In cold hydrochloric acid the crystals do not whiten but in 
hot acid the surface becomes gray from metallic mercury, 
which dissolves with a very slight effervescence. The greater 
portion of the crystal is insoluble even in concentrated cdld 
acid. 

If hydrochloric acid is added during the dissolving in nitric 
acid there is a heavy precipitate formed, but on heating this and 
the opaque white residue dissolve quickly and completely. 

Name of Eglestonite.—For this substance, an isometric and 
hexoctahedral oxychloride of mercury, the name Eglestonite is 
proposed in honor of the late Prof. Thomas Egleston, founder 
of the Columbia School of Mines and for many years professor 
of mineralogy and metallurgy in Columbia University. 


2. Terlinguaite, a Monoclinic Oxychloride of Mercury. 


On the specimens which show the eglestonite there is gen- 
erally found a bright sulphur-yellow material usually as an 
agglomeration of imperfect striated crystals and less frequently 
as doubly terminated crystals of not over one millimeter in 
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length. This material on examination is found to be quite 
distinct from the eglestonite with which it is associated. In 
one of the specimens the central portion was a mass of this 
yellow substance and outside of this was a thick crust ‘of 
eglestonite crystals, while scattered through the crust were 
globular masses of native mercury coated with the oxide mon- 
troydite. 

Crystalline Forms of Terlinguaite.—Few crystals were satis- 
factory for measurement. Four were measured which may be 
briefly described as follows: 














Crystal 1.—Very minute and complex, yielding reflections 
from about twenty definite polygonal faces. No figure was 
drawn because of the difficulty of judging relative develop- 
ment of forms. a, c, m, y, A, g, a, X were the most prominent 
forms. 

Crystal 2.—Larger and simpler than crystal 1, and elongated 
parallel to the axis 6. The principal forms are shown in fig. 2 in 
approximately the relative size. 

Crystal 3.—Short and relatively thick and complex crystal. 
The principal forms are shown in fig. 3. 

Crystal 4.—Tabular parallel a {100}. Showing prominently 
also e, y and 7 and less prominently 6, d, ¢, uw, w, 2, 8,9, % No 
drawing was made of this erystal. 

The erystals were mounted with their most prominent zone 
normal to the vertical circle. The axis of this zone proved to 
be the only axis of symmetry and therefore was the axis of 5 
of the monoclinic system. By trial in the stereographie pro- 
jection the forms denoted by c and a were found to be the 
most prominent zone centers and were chosen as {001} and 
$100}. 

The angles obtained by measuring with the axis 6 normal to 
the vertical circle were transformed to the conventional ¢ and 
p angles referred to a pole plane at right angles to the ¢ axis 
and to a meridian through {010}. These angles are here tabu- 
lated and with them the calculated angles for the particular 
indices and calculated axial elements. 
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Measured || Calculated || 











| 
| Coordinate || Coordinate | 
Forms | Angles. | Angles. Remarks. 
ge. Pp || ¢ p 
c {001} (90°00'15° 44’ ||__.... BS aot Well developed on 1, 2 and 38. 
b | £010} 0 00 90 00 || ------ ca aes Minute face on 3. 
a |e, 1 2 ll ess pee Large on 4, small on 1 and 3. 
6 4130; 33 07 | “ 3 Microscopic on 3. 
6 12805 = 52 21 * er Microscopic on 4. 
d 1011} 7 48 64 13 | 7 53 64° 02’ Well developed on 3, poorly on 4. 
f {013} (22 28 36 20 |22 34 (386 17 Fair on 3, minute on 1 and 2 
h (015, 34 50 26 12 34 43 26 19 Minute face on 1. 
t {106} 90 00 43 14 |90 00 \42 56 On all four crystals, prominent 
on 3 
y {103} | “ (57 57 || “°° |57 39 |\Prominent on 2, small on 1. 
w)| {101} 176 25 ‘* '76 31 ‘Striated face on 3. 
n| {106} 50 00 20 304 50 00 20 09 Minute faces on 3. 
u {103} “145 «40 ‘«  }45 26  Indistinct on 3 and 4: 
m} {508} ‘© 165 25 ‘¢  |65 37 | Large dull face on 1. 
z | {7, 0, 10 = 7 40 a 7 43 | Striations on 100 of No. 4, large 
m face on 3. 
z {101} ss 174 08 7 74 30 | Fine edge on 3. 
v | i155} (27 81 /66 19 |27 55 66 31 | Narrow minute face on 3. 
p {183} (88 11 68 42 38 21 68 54 4 Ke . 
r |{11, 25, 25}|45 08 |'70 58 45 00 70 50 Minute triangular face on 3, 
i | {7,11,11} 58 59 |74 30 ||54 10 |78 56 Minute faces on 8 and 4, 
s | {111} (64 22 |78 04 | 64 30 |78 08 2 and 4. 
4 | {1,3,15} 53 16 |84 15 (53 23 |34 17, 6 1 and 4, 
T 1136} 42 26 (53 59 | 42 55 |54 13) Distinct on 4. 
k 1134; (39 17 |63 20 | 39 57 \63 12 | Distinct triangular on 38. 
e | 1183} (26 54 66 14 | 27 18 \66 22) Prominent on 3 and 4. 
L {11, 25, 25}/36 12 68 22 | 35 52 68 16 | Large striated face on 3. 
g 113,20,20} 48 37 72 02 | 48 36 71 59) Very prominent on 8, visible on 4. 
0 {111} (61 02 |76 32 | 61 12 |76 40 | Very prominent on 2, visible on 
ts | é 1 and 3. 
y {977} |67 42 |79 28 | 67 16 79 15 | Prominent on 4. 
B | {1, 3,15} |_2 40 |22 033) 2 18 |22 08 | Minute face on 1. 
q {115} (51 21 |82 51 | 51 41 |83 16 | Small but distinct on 1. 
a 113) 56 84 51 00 |57 02 |51 14 | Minute faces on 1 and 2 





The value of 8 was determined to be 74° 16’, the average 
of determinations from the angles of ¢, f and A. 

The ratio between the axes was determined to be 

@:6: é=0°5306 : 1 : 2:0335 

the average of eleven determinations for each axis from the 
angles of p, 8, m, kh, e, 1, ¢ Js % Y, 7 and a, two for a from the ¢ 
and w angles and two for é from the J and A angles. The 
maximum deviations from the average were for @ ‘0139, for 
¢ = 0°0214. Much more complex indices could be chosen for 
some of the forms which would check more accurately the 
measured angles, but as a certain error is undoubtedly due to 
a blurring of the images from the microscopic faces, it is 
believed the simpler indices chosen are generally correct. 
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Chemical Analyses of Terlinguaite.—Analyses I, II and III 
were made by Mr. McCord by fusion with soda in a closed 
tube as described under eglestonite. Analysis IV was made 
to determine the loss by heating. All samples were separately 
picked. The results tabulate as follows: 


I II III IV 
Grams taken ._--..-- *1960 "1078 0874 06635 
Per cent oxygen- .-. 3°47 
.“  ehlorine .. 7°78 8:00 
4 mercury -- 88°67 87°38 88°64 


These determinations lead to the simple empirical formula 
of Hg,ClO as follows 


Percentages Percentages Group 

in Hg,Clo. by analysis. proportions. 
Sere Fonee 3°544 3°47 + 15°88 = °2185 or °974 
RR ee 7°852 7°89 -- 35°18 = °*2242 ‘* 1°000 
Hg ee ee ee 88°604 88°24 + 19849 = *4445 * 1°983 





100°000 99°60 


Other characters of Terlinguaite.—Luster, brilliant adaman- 
tine. Color, sulphur-yellow with a slightly greenish tinge, 
very slowly dar kening on exposure to an olive green. Color 
of ‘powder lemon- yellow, also slowly becoming olive-green. 
Transparent or nearly so. Hardness between 2 and 3. Brittle 
or sub-sectile. 

Specific gravity on very carefully picked samples 8°725 
higher than eglestonite by 0-316. 


I Il 
Quantity taken ...........-. °4443 4545 
Weight in water --......... ‘3934 4024 
Specific gravity .........--- 8°728 8°723 


Between crossed nicols there is distinct double refraction. 


The crystals can be viewed only normal to the 4 axis and show 
extinction parallel to this. 

Heated on chareoal and in the closed tube, behaves like 
eglestonite except that a little oxide appears to be formed, giv- 
ing a pinkish tinge to the white sublimate. 

In nitric acid behaves like eglestonite but dissolves more 
rapidly. In hydrochloric acid becomes white but does not 
appear to dissolve. 

Distinctions from Eglestonite.—The most convenient dis- 
tinctions are the yellow color and the very slow change of color 
to olive-green as compared to the brownish color and rapid 
change to black with eglestonite. The eglestonite crystals are 
usually easily recognized. In testing, the double refraction 
and the more rapid solution of the terlinguaite are characteristic. 
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The name Terlinguaite.—This name should be limited to 
the yellow monoclinic oxychloride of mercury here described 
in order to remove the confusion at present existing. Mr. 
W. H. Turner* first used the name terlinguaite in the follow- 
ing words: “In addition to cinnabar, mercury occurs in the 
native form and as a white coating and as yellow-green crystals. 
Prof. S. L. Penfield has identified the . . . greenish crystals as 
an oxychloride of mercury forming a new mineral species for 
which I have suggested the name terlinguaite.” 

To the miners in the Terlingua district terlinguaite is “a 
heavy soft+ cadmium yellow substance in masses or powder 
with a distinct green shade. It blackens on exposure and 
gives by rough retort tests 60 to 70 per cent of mercury.” 
Some of this material has been recently sent to me and will be 
examined; the description, however, suggests a mixture of 
eglestonite and terlinguaite. 

Prof. Penfield sent me by request the best two of the speci- 
mens received from Mr. Turner and at the same time wrote 
that “‘ I have never given these minerals more than superticial 
examination and they may not be oxychlorides; I simply sug- 
gested that they might be.” One of these specimens received 
from Prof. Penfield was undoubtedly the material here 
described as terlinguaite, crystal 4 having been taken from 
the specimen and the color change to olive-green on exposure 
being very pronounced. The other specimen, although appar- 
ently an oxychloride, was evidently the undetermined mineral 
spoken of in No. 5 of this article. 

Of the three possibly different substances to which the 
name terlinguaite has hitherto been applied we have therefore 

1st. The mineral here described. 

2d. The undetermined rough yellow crystals mentioned in 
No. 5. 

3d. The pulverulent yellow masses. 

It is therefore proposed that the name terlinguaite be defin- 
itely limited to the mineral here described. 


3. Montroydite, Mercurie Oxide in Orthorhombic Crystals. 

Associated sparingly with the eglestonite and terlinguaite 
and in one or two instances occurring as masses of an inch or 
more on a side there was found a third new mineral. The 
most frequent occurrence was as a velvety incrustation of 
orange-red needles projecting from the surface of little hollow 
spheres and hollow pipe-like stems. The supporting material 
forming the sphere or pipe was metallic in luster, white to 

* The Terlingua Quicksilver Mining District, Brewster Co., Texas, by W. 


H. Turner, Mining and Scientific Press, San Francisco, July 21, 1900. 
t From a letter by W. P. Jenney. 
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gray in aie. and although possessing very much the solidity 
of a soft amalgam and spoken of by Mr. Hill as a mixture of 
cinnabar and mercury, was nevertheless entirely volatile and so 
far as qualitative tests went was simply metallic mercury. 

In addition to the minute needles forming the velvety crusts 
there were numerous larger transparent needles of darker red 
color and of a length often exceeding one mm. These were 
in most instances poorly terminated, striated and composite, but 
occasional crystals showed terminations and the best of these 
crystals was carefully measured in the two-circle goniometer. 

Crystalline Form of Montroydite.—A very perfect doubly 
terminated and highly modified crystal exceeding slightly one 
mm. in length by one-third mm. in breadth, and suggesting 

under the hand glass a general resemblance 
‘ in habit to some crystals of topaz, was 
mounted with its longest direction normal 
to the vertical circle and the orthorhom- 
bie symmetry being soon made evident, this 
direction was retained as that of the ver- 
tical axis. The most prominent pyramidal 
form a, fig. 4, being very acute, the pyra- 
mid 0 in the same vertical zone was chosen 
as the unit form. The more prominent 
forms shown in fig. 4 are a {100{; 5 {010}; 
m {110}; d@ {101} ; w {331} 5 o 111}; 8 $112); 
7 {211} and e {132}. In addition to these, 
faint reflections were obtained from faces 
of microscopic dimensions corresponding to 
a {311} and ¢ $122}. 

The faces s are less prominent in the real 
crystal than in the drawing from the presence 
of indeterminate truncating faces. 

In the calculation of the elements ¢ and @ most of the occur- 
ring forms were considered and in proportion to the sharpness 
of the signals yielded by their faces. The results were as 
follows : 














Form. Factor. Value of d. Value of ¢. 

m 3 *63625 

0 2 63707 1:1918 
Fs) 8 63748 1°1894 
w 2 "64406 1°1960 
t 1 63729 1°1985 
r 2 63956 1°2037 
. 3 "63670 11941 
Average & = 63797 ¢ = 11931 


The form s {112} was not used in this calculation because 
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although two evident faces were found their signals were very 
faint and their angles not sure. 

The comparison between the measured angles and the angles 
calculated to the determined indices and axial elements is as 
follows: 





Faces ¢ p 
Reflect- - a r As 
Form. ing. Measured. Calculated. Measured. Calculated. 
a{100} 2 90° 90° 
biolo}—s 2 0° 90° 
mil1l0} 4 57° 32’ 57° 28' 90° 90° 
d@}101} 1 89° 56’ 90° 61° 58’ 61° 52’ 
of{1ll} 3 57° 30' 57° 28’ 65° 44’ 65° 44’ 
ei331} 4 57° 29' 57° 28" 81° 26’ 81° 27’ 
s{112} 2 58° 20' 57° 28’ 48° 53’ 47° 54’ 
rj2ll} 1 72° 16’ 72° 18’ 75° 40’ 75° 42' 
e}132} = 3 27° 38’ 27° 25’ 63° 41’ 63° 37’ 
Also, 
w{3ll} 2 7° 53’ 77° 59’ 80° 02’ 80° 06’ 
¢j122} 2 38° 07’ 38° 05’ 56° 43’ 56° 35’ 


Chemical Analysis of Montroydite.—With great difficulty, 
picking crystal by erystal, ‘0506 grams of pure material was 
obtained and very carefully heated alone in one of the small 
closed tubes described under eglestonite. The sublimate 
formed appeared to be entirely metallic. The dissolved sub- 
limate gave no test for chlorine. It was therefore assumed, 
for want of further material, that the sublimate was mercury 
and the loss oxygen. The percentages are very close to those 
of mercuric oxide HgO. 


Percentages Percentages 
Analysis. Hg0O. 
Loss on heating ----. ---- 7°13 O 7°408 
TOO Snwccicuiss cons 92°87 Hg 92°592 


Other Characters of Montroydite.—Luster, adamantine to 
vitreous. Transparent. Color of larger crystals, a red darker 
than crocoite and nearer realgar ; ‘tninute erystals orange- 
red. Color of the powder a “little lighter than color “of 
crystals. Not noticeably affected by sunlight. Brittle. 
Hardness less than 2. Specific gravity not determined. 

Under the microscope there are indications of cleavage 
oblique to the length and with crossed nicols there is extine- 
tion parallel to the length. 

Heated in the closed tube volatilizes completely and forms 
a sublimate of metallic mercury. 

Dissolves easily and quietly in cold nitric or cold hydrochloric 
acid, 
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The name Montroydite——The name Montroydite is sug- 
gested in honor of Mr. Montroyd Sharpe, one of the owners of 
the mines at Terlingua. 


4. Crystallized Calomel. 


One of the specimens from the cavity which yielded the 
minerals just described consisted of tabular crystals of calomel 
not suitable for measurement. Some specimens obtained by 
Mr. W. P. Jenney, from the district but not from the cavity 
however, yielded measurable crystals of two types: 

1. Square prismatic crystals, fig. 5, sometimes 4 to 5™™ in 
length by 1 to 14 in breadth. 

2. Tabular crystals flattened parallel to one of the faces of 
a {010}. Fig. 6 shows, in orthographic projection, two such 
individual crystals in parallel position with the a }113} planes 
relatively large. 

The forms are the same in both types and consist of : 

c {001} somewhat rough; a {010} slightly curved; r {111} 
dull; a {113} bright and z {013{ minute. 

3etween the two individuals, as shown in fig. 6, and in the pris- 
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matic zone a single reflection was obtained corresponding very 
closely to a face of anew form {120}. 
The essential measured and calculated angles were 


Measured. Calculated. 
cr 67° 50’ 67° 41’ 
Ca. 38 45 39 05 
Cz 30 14 29 52 
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5. An undetermined yellow mercury mineral. 


The second specimen received from Prof. Penfield and one 
received from Mr. W. P. Jenney show small yellow needles 
and short prismatic crystals which suggest hexagonal prisms 
and a basal cleavage. There was not sufficient material for 
analysis but the closed tube test showed mercury and apparent 
mercurous chloride suggesting an oxychloride, and the fact that 
the color did not noticeably change on long exposure indicated 
a different species from those described. An optical test made 
by carefully rubbing a basal cleavage down to transparency 
showed an indistinct biaxial brush in conv ergent light and 
double refraction in parallel light. The symmetry is there- 
fore not higher than that of an orthorhombic class. 

Two crystals were measured but the results were entirely 
unsatisfactory, the apparent faces being irregular and frequently 
yielding two reflections several degrees apart. The only sug- 
gestion resulting from the measurements was a very acute 
orthorhombic or monoclinic form, the faces making an angle 
with the apparent basal cleavage of about 854 degrees. Pend- 
ing the obtaining of more material the substance can not be 


described definitely ; 
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Art. XXV.—On a New Lilac-Colored Transparent Spodu- 
mene; by Grorcre FrepericK Kunz. (With Plate X.) 


A most remarkable discovery of unaltered lilac-colored 
spodumene has lately been made in California. The crystals 
were obtained fifty feet from a deposit of colored tourmaline, 
itself of notable interest, a mile and a half northeast from 
Pala, in San Diego County. This new discovery is but half a 
mile northeast from the celebrated rubellite and lepidolite 
locality at that place, where recent developments have brought 
to light immense quantities of amblygonite,—this latter species 
occurring by the ton, while the lepidolite is estimated by the 
thousand tons. The locality is thus unequalled in the world 
for its abundance of lithia minerals. The rubellite crystals 
found here are entirely embedded in lepidolite, and until 
recently it was found impossible to remove them to show their 
complete form. They were, however, often polished with the 
lepidolite,—the rubellite appearing as pink radiations in a 
darker gangue of lilac-colored lepidolite. Recently, however, 
the crystals of rubellite have been rubbed out, as it were, 
made to stand out by removing the lepidolite matrix by means 
of brushes and cleaning-tools,—forming most beautiful groups 
of crystals. 

At the new locality, colored tourmaline crystals have been 
found that are remarkable in size and beauty, although they 
are much broken in taking them out. Some are a foot long 
and three inches in diameter, with a red central core (rubel- 
lite) and a blue exterior (indicolite) separated by a pale inter- 
vening zone. Other pink crystals have a blue cap or termina- 
tion; the blue color in these specimens is a deep shade, iuclin- 
ing toward purple. One very remarkable large crystal is like 
a hollow cylinder, apparently composed of a group of prisms 
surrounding an open central space at the axis of the cluster ; 
this is entirely of a rather dull blue, verging toward reddish in 
the interior. 

The spodumene crystals are beautiful in their color tones, 
varying from deep rosy lilac at some depth to pale or almost 
colorless, doubtless due to weathering or to the action of sun- 
light,—in striking contrast to the rich deep pink-purple found 
at a greater. depth. 

These spodumene crystals are of extraordinary size, trans- 
parency and beauty. The following are the weights and dimen- 
sions of seven of the principal crystals : 
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Weight Weight Dimensions 
grams. oz. troy. Centimeters. 
No. 1. ° 528°7 17°1 ve ae ee 
wa 2 528°7 171 22 xX 8 X15 
. 6 297° 9°55 19 X 55 X& 1S 
o ©, 256°6 8°25 23 x 4X2 
~ > 340°5 10°95 13 X 6 X 2°53 
an 239°5 7°70 36x € xX 8 
it 1000° 31° 18x 8 X 3 


These crystals are extraordinary objects to the eye of the 
mineralogist ; to see flat spodumenes of characteristic form, as 
large as a man’s hand, but with bright luster and perfect trans- 
parency, and of this rich delicate pink-amethystine tint, is a 
novel and unlooked for experience. 

The localities of these remarkable tourmalines and spodu- 
menes are near the top of a ridge lying from a mile to a mile 
and a half from the lepidolite ledge of the old Pala locality, 
and separated from it by a valley some 900 feet deep. The 
ledge in which these new minerals occur is on the west side of 
this ridge, and has been traced for 1,200 feet in a N.W.-S.E. 
direction. The description given of it suggests a large dike. 
The rock is a coarse decomposed granite (pegmatite ?), the 
feldspar much kaolinized and reduced to a “ red dirt,” and with 
many large quartz crystals, some of them reaching 150 pounds 
in weight, but not clear. 

Similarly colored crystals of spodumene purporting to come 
from Hermosillo, Mexico, were shown the author during the 
month of December, 1902. These specimens were found at 
what is known as the White Queen Mine, section 24, township 
9, South Range 2, West San Bernardino, Meridan, California. 
They are identical in habit. with those from Pala, but much 
smaller. The crystals from Pala belong to the locality ascribed 
to them. No such spodumene crystals have ever before been 
found anywhere. They are entirely distinct both from the 

reen variety (hiddenite) from Stony Point, Alexander County, 
N. C., described by Dr. J. Lawrence Smith, * and from 
the transparent yellow found in Brazil, described by Pisani,+ 
and more resemble some of the rare remnants of ‘unaltered 
spodumene from Branchville, Conn. 

The Meridan (?) crystals were found in a deserted and 
abandoned gold mine. The rock is an iron-stained granite, 
and the crystals occur in a vein of quartz with gold, rutile, 
black oxide of manganese, epidote, orthoclase, “ mica,’ > lepi- 
dolite, cookeite and black tourmaline. The mineral was not 

* This Journal, xxi, 128, 1881 

+ Comptes Rendus, ‘Ixxxiv, 1509, 1877. 


t Brush and Dana, this Journal, xx, 257, 1880; and by Penfield, ibid., 
p. 259. 
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recognized until sent to the writer in New York, having been 
pronounced tourmaline by parties to whom it was shown; 
and many crystals were ruined by lapidaries in the unsuc- 
cessful attempts to cut them, as the very highly facile cleavage 
of spodumene causes it to flake. 

The crystals obtained were quite numerous, and vary from 
half an inch or less to two inches in length, by an inch in 
breadth. Some are elegant specimens and some could be cut 
into gems. The hardness is about 7. They are perfectly trans- 
parent and remarkably free from flaws, and possess the spodu- 
mene pleochroism very markedly. Looked at transversely, 
they are nearly colorless, or faintly pink; but longitudinally 
they present a rich pale lavender color, almost amethystine. 
The characteristic etching is also well developed, especially on 
the pyramidal faces; but all of the crystals are dull upon the 
surface and are etched all over as if with a solvent. 

Two crystals, the largest and another one, give the follow- 
ing measurements: 

a, 53™™ (24 in.) and 35™™ (12 in.) 
6b, 37™™ (1¢ in.) and 27™™ (14, in.) 
ce, 11™™ (,% in.) and 15™™ ( 4 in.) 


The specific gravity determined on three crystals was found 
to be 3°183.* 


Grams. Specific 

h Color. Weight. Gravity. 
Spodumene SM So oe ia 20°393 3°179 
Yellow-white ....._-- 8°359 3°185 
Ravender ...<..i....< 10°872 3°187 


The crystals are so etched and corroded that the terminals 
are entirely gone, therefore it is not possible to do very much 
with them in the erystallographic line. The rounded pro- 
tuberances and crystallographic points left by the etching are 
interesting, but it would be exceedingly difficult to make much 
out of them or to illustrate them. Professor 8. L. Penfield 
kindly measured the prismatic angle on two crystals and 
reported as follows: “The prism faces were well developed 
and gave good reflections. The prismatic angle m a m’, 
110, 110, on two crystals was found to be 86° 45’, from which 
mam”, 110,110=938° 15’. 

“ For comparison, measurements were made of the cleavage 
angle of spodumene from Branchville,t mA m’’’=93° 13’; also 
of the prismatic faces of hiddenite from North Carolina,t 

* As this is an entirely new gem of peculiar beauty, a name will be given 
to it shortly. 


+ Brush and Dana: This Journal (8), xx, 257, 1880. 
¢E.S. Dana: This Journal (3), xxi, 179, 1881. 
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mam=93° 14’. The angle mam given by Dana in his System 
of Mineralogy is 93° 0’, and is based on measurements made 
with a contact goniometer by Prof. J. D. Dana on a erystal 
from Norwich, Mass.” 

A prominent feature of these specimens, and also of hiddenite, 
is the twinning about the a (100) face, and is beautifully shown 
on the etched crystals where the etching proceeds to the twin- 
ning plane and there makes a halt. Aside from differences in 
color, the fragments of the mineral are remarkably like the 
etched crystals of hiddenite from North Carolina. 

The locality brings to mind the famous locality of Branch- 
ville, Conn., described by Brush and Dana, but there the gigantic 
crystals were almost entirely altered to an opaque mineral. In 
habit these crystals resemble the spodumene from North 
Carolina, and for beauty, transparency and great size of perfect 
material are not equalled by any known locality. 

If sufficient differences are found to exist between this 
spodumene and the other known varieties a new name will be 
given to it. 


40 E. 25th St., New York City. 





SCIENTIFIC INTELLIGENCE. 


GEOLOGY AND MINERALOGY. 


1. The Geology of Ascutney Mountain, Vermont; by R. A. 
Daty, U.S. Geol. Survey, Bull. No. 209, 120 pp., 7 pls.—Mount 
Ascutney is a small eruptive mass having an unusually wide range 
of composition including gabbros, diorites, essexites, ‘“ Wind- 
sorite”—a new rock type—nordmarkite, porphyry, pulaskite, 
paisanite, syenite with granitic and mouzonitic phases, biotite 
granite, aplite, diabase, and camptonites. The intrusion resulted 
in the feldspathization of phyllitic country rock. The discussion 
regarding the method of intrusion is of especial interest because 
Ascutney is given as a concrete example of Dr. Daly’s theory of 
overhead stoping assimilation and differentiation recently explained 
in this Journal (xv, 269; xvi, 107). 

2. Wisconsin Geological and Natural History Survey.—Two 
volumes have recently been issued: Butietin No. 9. Pre- 
liminary Report on the Lead and Zine Deposits of Southwestern 
Wisconsin ; by U. 8S. Grant. 97 pp., 4 pls., 8 figs. A description 
of the general geology of the zinc region is given, followed by a 


Am. Jour. Sci.—Fourts Series, Vou. XVI, No. 93.—SepremBer, 1903. 
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discussion of the methods by which the metals have become con- 
centrated in the Galena limestone. Individual mines are described 
and the belief expressed that an important mining industry is yet 
to be developed in southwestern Wisconsin, Butietin No. 19. 
Highway Construction in Wisconsin; by EK. R. BuckLey. 313 pp., 
106 pls. The character of road-making materials and the methods 
of road construction are discussed by Dr. Buckley in great detail. 

3. Preliminary Note upon the Rare Metals in the Ore from 
the Rambler Mine, W2 yoming ; by Tuomas T, Reap. (Communi- 
cated.)—In the February issue of this Journal (p. 137), C. W. 
Dickson has pointed out that in the ores of the Sudbury district, 
consisting of pyrrhotite and chalcopyrite, the platinum is asso- 
ciated with the chalcopyrite. Whereas the ore of the Rambler 
mine, about forty miles west of Laramie, Wyoming, consists of 
covellite and chalcopyrite in nearly equal proportions and carries 
both platinum and palladium, it occurred to the writer that 
they might possibly be confined to only one of the sulphides. 
Experiments were accordingly begun to prove this. The crushed 
ore was roasted, whereupon the chalcopyrite became magnetic 
and could be picked out with a magnet from the roasted covellite. 
Upon assaying the two separately it appeared that the palladium 
was, apparently, associated with the covellite and the platinum 
with the chalcopyrite. The best assays, both upon the untreated 
ore and upon the slimes resulting from the electrolysis of the 
anode copper from Rambler ore, indicated that palladium is 
present, usually, in the proportion of four or five parts of palla- 
dium to one of platinum. It does not seem likely that this palla- 
dium is present as native metal and careful panning tests go to 
prove that it is not. On the other hand, if in fact associated with 
the covellite, it may occur as a a sulphide and perhaps as Pd,S, a 
salt described by Schneider.* The fact that palladium resembles 
silver in some of its physical and chemical properties lends sup- 
port to this view. Further work is needed to confirm the sugges- 
tions here made. 


OBITUARY. 


Dr. W. C. Kniaurt, professor of geology and mining in the 
University of Wyoming, and author of many papers on Geology 
and Paleontology, died on July 8 at the age ‘of for ty-one, 

Dr. Hamiuron Lanpuere Situ, formerly professor of physics 
and astronomy in Hobart College, died on August | at the age of 
eighty-one. 

M. Renarp, professor of mineralogy in the University of 
Ghent, has died at the age of sixty years. 

* Ann. Phys. Chem., exli, 419. 
















